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Preface 


There  has  been  some  confusion  in  parts  of  the  scientific  community  concern- 
ing the  use  and  distinction  between  the  LOWTRAN  and  HITRAN  computer  codes. 

In  this  preface,  we  will  briefly  describe  both  codes  in  terms  of  their  applications 
and  limitations. 

The  HITRAN  and  LOWTRAN  codes  are  atmospheric  propagation  models  relat- 
ing to  high  and  low  spectral  resolution,  respectively.  The  word  HITRAN  gener- 
ally refers  to  one  or  more  line-by-line  coinputer  codes  which  are  used  in  con- 
junction with  a compilation  of  atmospheric  absorption  line  parameters,  to  calcu- 
late synth  ^tic  molecular  absorption  spectra  mainly  at  high  resolution  for  laser 
applications.  However,  the  HITRAN  technique  can  be  used  to  calculate  molecular 
absorption  spectra  at  any  spectral  resolution.  Although  there  is  no  resolution 
restriction  with  the  HITRAN  technique,  computation  times  become  excessive  for 
low  resolution  applications,  which  was  one  of  the  major  reasons  for  developing  the 
LOWTRAN  computer  code  with  a fixed  (20  cm”^)  resolution  capability. 

It  should  be  emphasized  that  molecular  absorption  is  only  one  process  which 
limits  atmospheric  propagation  and  molecular  scattering  and  "continuum"  absorp- 
tion (due  to  nitrogen  and  water  vapor  primarily);  and  aerosol  extinction  should 
also  be  included  in  a complete  HITRAN  code  just  as  they  are  in  the  LOWTRAN 
code. 

The  wavelength  range  over  which  the  HITRAN  code  can  be  applied  is  currently 
from  C to  1500  cm  ^ (that  is,  for  all  wavelengths  greater  than  0.  69  ;4m),  whereas 
LOWTRAN  covers  the  range  from  0.  25  to  28.  5 fiin.  The  lower  wavelength  limit 
for  HITRAN  corresponds  to  the  shortest  wavelength  for  which  we  have  molecular 


line  parameters  documented  on  the  AFGL  compilation  of  atmospheric  line,  param- 
eters. We  do  plan  to  extend  the  line  parameters  compilation  to  the  visible  and 
ultraviolet  region  of  the  spectrum.  HITRAN  techniques  can  be  applied  to  any  low 
spectral  resolution  requirements  where  a particularly  high  accuracy  is  required 
and  where  it  is  felt  that  the  limitations  imposed  in  the  interest  of  computational 
efficiency  are  not  too  great.  This  is  not  to  say  that  HITRAN  does  not  have  its 
own  limitations.  Its  limitations  are  related  to  the  uncertainties  in  the  fundamen- 
tal line  parameters  and  particularly  in  line  shapes.  In  the  wings  of  absorption 
lines  it  is  known  that  moat  lines  do  not  generally  follow  a Lorentz  line  shape,  but 
adequate  information  is  simply  not  available  for  all  molecules  of  atmospheric 
interest  in  all  portions  of  the  spectrum.  For  most  atmospheric  paths  at  moderate 
spectral  resolution  <say,  20  cm  ^),  we  expect  that  HITRAN  will  generally  give 
results  to  ±1-2  percent  in  transmittance  with  an  increase  in  accuracy  as  we 
approach  100  percent.  There  are  limited  spectral  regions,  near  the  edges  of 
strong  absorption  bands  and  window  regions,  where  line  shape  uncertainties  will 
lead  to  greater  transmittance  errors.  One  major  HITRAN  limitation  has  already 
been  stated;  namely,  that  the  computation  time  (especially  for  low  spectral  resol- 
ution problems)  is  enormous  and  generally  impractical  for  systems  applications. 
Another  limitation  at  this  time  is  that  HITRAN  has  not  been  developed  into  a 
flexible  system  oriented  code  in  the  same  way  that  LOWTRAN  has. 

In  order  to  deal  with  these  computational  limitations  of  HITRAN,  the 
LOWTRAN  concept  was  developed  and  is  similar  to  a number  of  previous  "band 
model"  concepts.  The  LOWTRAN  concept  is  applicable  to  low  spectral  resolution 
(20  cm  ^ or  poorer)  and  in  any  case  cannot  be  applied  to  high  spectral  resolution 
or  laser  propagation  problems.^  In  the  LOWTRAN  "single-parameter"  model, 
the  molecular  abundance  and  pressure  dependence  of  absorption  are  clumped  to- 
gether and  the  temperature  dependence  is  ignored.  This  reduction  in  the  number 
of  independent  variables  leads  to  some  decrease  in  computational  accuracy  and 
we  place  the  accuracy  at  about  ±5  percent  in  transmittance.  The  transmittance 
accuracy  must  improve  as  100  percent  is  approached,  but  the  percentage  accuracy 
in  absorption  is  expected  to  decrease  for  very  transparent  paths.  Thus,  the  appli- 
cation of  LOWTRAN  to  the  computation  of  window  background  radiance  levels  will 
be  somewhat  limited.  There  will  be  situations,  particularly  in  spectral  regions 
where  the  actual  temperature  dependence  is  large,  whe^e  larger  uncertainties  may 
exist  due  to  the  omission  of  the  temperature  dependence  in  LOWTRAN. 

^This  statement  applies  to  the  molecular  absorption  part  of  LOWTRAN.  The  parts 
of  LOWTRAN  which  determine  the  transmittance  loss  due  to  molecule  ’ scatter- 
ing, molecular  continuum  absorption,  and  aerosol  extinction  are  common  to  both 
high  and  low  resolution  applications,  since  these  loss  mechanisms  have  no  fine 
line  structure. 
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Both  HITRAN  and  LOWTRAN  must  depend  on  the  introduction  of  continuum 
extinction  (due  to  water  vapor,  nitrogen,  and  aerosols)  as  an  addition  to  the  line 
absorption  in  atmospheric  window  regions.  In  these  regions,  the  accuracy  of 
both  codes  is  dependent  on  the  accuracy  of  the  laboratory  measurements  involved 
in  the  determination  of  the  continuum  coefficients  due  to  molecular  absorption, 
and  on  the  indices  of  refraction  and  description  of  aerosol  models  in  relation  to 
the  real  atmosphere  in  the  case  of  aerosols.  The  largest  uncertainty  in  the 
atmospheric  window  is  the  variability  of  aerosols  and  the  relationship  of  any 
particular  atmospheric  situation  to  the  aerosol  models  available.  We  are  work- 
ing to  improve  the  aerosol  models  by  creating  a greater  number  of  models  and 
providing  more  user  guidance  on  the  selection  of  the  most  appropriate  aerosol 
model  for  a given  application. 

The  work  of  deriving  the  aerosol  extinction  coefficients  and  the  various 
aerosol  models  contained  in  LOWTRAN  3B  was  carried  out  by  Eric  P.  Shettle. 
Questions  relating  to  aerosol  models  should  therefore  be  addressed  to  him. 
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Atmospheric  Transmittance  From  0.25  to 
28.5  /jtm:  Supplement  LOWTRAN  3B  (1976) 


1.  INTRODUCTION 

The  LOWTRAN  3 computer  code^  (and  Its  predecessors  LOWTRAN  1 and 
2 

LOWTRAN  2)  has  been  widely  used  for  making  atmospheric  transmittance  pre- 
dictions covering  the  0. 25-28. 5 nm  region.  This  supplement  is  Intended  to  pro- 
vide an  update  to  the  LOWTRAN  3 computer  code^  and  also  the  LOWTRAN  3A^ 
version.  It  contains  two  modifications  which  affect  the  transmittance  due  to  the 
water  vapor  continuum  in  the  3.  5-4. 2 pm  and  8-14  pm  refions.  Also  contained  in 
this  supplement  are  four  new  aerosol  models  and  a temporary  provision  for  han- 
dling fog  situations. 

The  data  provided  here  should  be  regarded  as  our  best  estimates  at  this  time, 
based  on  available  measurements.  As  further  measurements  become  available, 
additional  updates  to  LOWTRAN  3B  will  be  made. 


(Received  for  Publication  I November  1976) 

1^The  LOWTRAN  3A  modification  was  given  a limited  distribution  only,  and  did 
not  contain  any  formal  documentation  besides  that  given  in  Appendix  A. 

1.  Selby,  J.E.A.,  and  McClatchey,  .,<.A.  (1975)  Atmospheric  Transmittance 

From  0.  25  to  28.  5 pm;  Computer  Code  LOWTRAn  3.  AF6rL-TR-75-0255. 

2.  Selby,  J.E.A.,  and  McClatchey,  R.A.  (1972)  Atmospheric  Transmittance 

From  0.  25  to  28.  5 pm;  Computer  Code  LQWTrAN  2,  AFtiRL-72-0745. 
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Included  tn  this  supplement  (see  Appendix  B)  Is  an  updated  errata  sheet  for 
LOWTRAN  3 (Errata  Sheet  No.  3)  and  a hill  listing  of  the  LOWTRAN  3B  computer 
code  (see  Appendix  O). 

We  will  first  review  the  changes  that  have  been  1:.^  ^rporated  Into  LOWTRAN 
3A  and  3B,  and  then  discuss  the  Impact  which  these  changes  have  on  the  trans- 
mittance fur  some  specific  atmospheric  paths.  Several  comparisons  will  be  given 
between  LOWTRAN  3 and  LOWTRAN  3A  and  3B  predictions  together  with  some 
measurements. 


2.  THEORY 

Attenuation  due  to  molecular  absorption  occurs  as  a result  of  collision  Inter- 
actions between  molecules;  that  Is,  collisions  between  two  H2O  molecules  and 
those  of  other  gases  (principally  H20:N2  collisions,  since  nitrogen  comprises 
approximately  80  percent  of  the  air). 

The  attenuation  due  to  the  water  vapor  continuum  still  eludes  a complete 
theoretical  explanation.  At  present,  we  believe  that  It  results  from  the  accumu- 
lated attenuations  of  the  distant  wings  of  H2O  absorption  lines,  emanating  prin- 
cipally in  the  far  Infrared  part  of  the  spectrum.  Other  postulates,  such  that  the 
phenomenon  Is  caused  by  other  absorption  mechanisms  Involving  H2O  dimers, 
remain  possibilities  yet  to  be  proved. 

However,  all  that  we  can  do  at  present  Is  to  account  for  the  water  vapor  con- 
tinuum phenomenon  empirically,  based  on  what  limited  experimental  measure-' 
ments  we  have  to  go  on,  until  better  line  shape  theories  become  available.  It 
should  be  emphasized  that  further  accurate  and  well  controlled  measurements 
are  urgently  required  In  order  to  account  for  this  phenomenon  In  real  atmospheric 
situations  with  confidence. 

The  general  formulation  used  to  account  for  the  water  vapor  continuum  atten- 
uation at  a fixed  temperature,  has  been  to  define  the  transmittance  r(i/)  as 
follows ; 

r(u)  - e-‘^(*')X«ANGE 


where  the  attenuation  coefficient  k(i/)  Is  given  by 


II 

rn 

;PH20  ^N^^T  " ^2°|j' 

k(v>  = Cg 

[pH2° 

(1) 
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where  Pjj^o  water  vapor  partial  pressure  and  the  ambient 

pressure  respectively  (atm),  and  u r'^rines  the  quantity  of  water  vapor  per  \mlt 
-2  “1 

path  length  (gm  cm  km  ).  The  quan  itles  Cg  and  are  generally  referred 
to  as  the  self  and  foreign  (nitrogen)  bt  oadenlng  coefficients  for  water  vapor. 

Values  for  Cg  and  Cjj/Cg  have  been  obtained  empirically  from  laboratory 
measurements.  In  the  study  presented  heie,  as  with  LOWTRAN  1 through 
LOWTRAN  3,  the  quantity  is  assumed  to  remain  constant  o\'er  a given 

wavelength  interval.  However,  one  major  addition  has  been  to  aocoont  for  the 
temperature  dependence  of  Cg  and  this  will  be  discussed  in  Sections  3 and  4. 

In  the  recent  LOWTRAN  3A  modification,  the  term  involving  Cj^/Cg  was 
omitted  completely  in  the  8-14  pm  region  because  of  the  large  uncertainty  in  the 
measurements  available.  However,  (as  will  be  seen  in  Appendix  C),  although 
the  uncertainty  in  the  available  measurements  still  exists  there  does  appear  to 
be  a trend  in  the  measurements  towards  a small  but  finite  value  for  C^/Cg  in  this 
spectral  region.  Consequently,  a further  change  has  been  included  in  this  version 
of  LOWTRAN  which  distinguishes  it  from  the  previous  LOWTRAN  3A  version. 


3.  8-14  pm  H2O  CONTIMUIM 

Two  major  modifications  have  been  made  to  LOWTRAN  3 in  the  8-14  pm 
region.  The  first  of  these  is  the  addition  of  a temperature  dependence  to  the 
water  vapor  continuum  absorption  coefficient  (the  self  broadened  coefficient). 
Which  was  determined  empirically  from  the  measurements  of  Burch.  The  sec- 
ond major  modification  is  a 60  percent  reduction  in  the  nitrogen  broadened  water 
vapor  absorption  coefficient  (see  Section  3.2  and  Appendix  C), 


3. 1 Temperature  Dependence 

Recently,  a review  of  available  water  vapor  continuum  experimental  measure- 
ments was  made  by  Roberts  et  al^  in  the  10  pm  region  in  order  to  update  the  atten- 
uation coefficients  currently  used  in  the  LOWTRAN  3 model.  These  workers 
found  that  an  empirical  expression  of  the  form  given  in  Eq.  (2)  (below),  provided 
a good  fit  to  the  wavelength  dependence  of  the  measured  water  vapor  continuum 
attenuation  coefficients  at  296  K.  It  was  found  that  the  more  recent  lesults  did 


3,  Burch,  D.Eo  (1971)  Senalannual  Technical  Report;  Investigation  of  the 

Absorption  of  Infrared  Radiation  by  Atmospheric  GasesT  Aeronutronic 
Report  U-4V84,  ASTIA  (AD  702117). 

4.  Roberts,  R.  E. , Selby,  J.E.A.,  and  Biberman,  L.  M.  (1976)  Infrared  con 

tinuum  abso-  ntion  by  atmospheric  water  vapor  in  the  8-12  pm  window 
Applied  Opt<  ,3  14:2085. 
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not  deviate  siniiftcantly  from  those  previously  reported  by  Selby  and 
McClatchey^*  in  LOWTRAN  3 and  LOWTRAN  2,  as  can  be  seen  in  Figure  1. 
However,  the  water  vapor  continuum  attenuation  coefficient  has  been  found  to  have 
a significant  temperature  dependence,  which  was  not  accounted  for  in  the  previous 
LOWTRAN  computer  codes.  Based  on  the  laboratory  measurements  of  Burch 
using  samples  of  water  vapor  at  elevated  temperatures,  an  approximate  empiri- 

4 

cal  express '-^n  was  obtained  by  Roberts  et  al  for  the  temperature  dependence 
which  is  given  in  Eq.  (3)  below.  It  was  found  that  the  attenuation  coefficient  due 
to  the  water  vapor  continuum  increases  as  the  temperature  decreases.  That  is, 
for  a fixed  amount  of  water  vapor  in  a given  path,  one  would  expect  more  absorp- 
tion al  colder  temperatures  and  less  absorption  at  warmer  temperatures.  This 
is  a somewhat  unusual  phenomenon.  In  practice  one  finds  less  water  vapor  in  the 
atmosphere  under  cold  conditions,  therefore,  the  effect  of  temperature  on  the 
attenuation  in  the  8-14  pm  region  plays  two  competing  roles,  through  the  total 
water  content  of  the  path  and  the  attenuation  coefficient. 


<«<■  |I4  i3  12  II 
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700  800  900  1000  1100  1200  1300 
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Figure  1.  Comparison  of  H2O  Continuum  Self  Broadening 
Coefficients  Used  in  LOWTRAN  3 and  LOWTRAN  3B 
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The  empirical  fits  to  the  wavelength  and  temperature  dependence  of  the 

4 

water  vapor  continuum  described  in  Roberts  et  al  have  been  used  in  LOWTRAN 

3B  with  the  appropriate  conversion  of  units,  as  follows: 

-1  +2  -1 

The  attenuation  coefficient  in  gm  cm  atm  at  296  K is  given  by  the 
following  expression  in  the  8-14  pm  region: 


C„(v.  296)  = 4. 18  + 5678  exp  (-7.87  X lO"^  v) 

a 


(2) 


where  v is  the  wavenumber  in  cm“^  (note  that  v = 10^/\  where  X is  the  wavelength 
in  pm). 

The  temperature  dependence  of  the  coefficient  C was  found  to  vary  as : 


Cg(v.T)  = C3(v.296)  exp  [l80o(^- 

where  T is  the  temperature  In  degrees  Kelvin. 
Equation  3 can  be  rewritten  as  follows: 

Cg(v,T)  = Cg(i/,  296)  exp  j^6.08  - ijj 

3.2  Nitrogen  Broadened  Coefficient 


(3) 


(4) 


The  second  term  in  Eq.  (1),  defined  as  Cj^/Cg,  represents  the  ratio  of  the 
foreign  (nitrogen)  broadening  coefficient  to  the  self  broadening  coefficient. 

For  the  8-14  pm  region,  we  have  used  a value  of  0. 005  for  this  parameter  in 
LOWTRAN  1 through  LOWTRAN  3,  based  on  the  measurements  of  McCoy  and 

5 

Rensch.  Several  questions  have  arisen  recently  concerned  with  the  uncertainty 
of  those  measurements,  and  a summary  and  review  of  more  recent  measurements 
are  given  in  Appendix  C. 

As  a result  of  the  uncertainty  in  the  above  value  (Cj^/Cg  = 0.  005),  a modifica- 
tion had  been  made  to  the  LOWTRAN  computer  code  incorporating  the  temperature 
term  discussed  in  Section  3. 1 but  omitting  the  Cj^/Cg  term  completely.  This 
constituted  the  LOWTRAN  3A  supplement  (see  Appendix  A),  which  is  now  super - 
ceded  by  this  report. 

In  LOWTRAN  3B,  we  are  using  a value  of  0. 002  for  the  parameter  Cj^/Cg 
based  on  the  review  of  the  measurements  presented  in  Appendix  C. 

In  LOWTRAN  3B,  we  nave  assumed  that  Cj^/Cg  (at  296  K)  does  not  vary  with 
temperature  (since  no  supporting  measurements  are  available). 

Thus,  further  measurements  are  needed  to  determine  more  accurately  the 
magnitude  of  the  parameter  Cj^/Cg  and  its  temperature  and  wavelength  dependence 


5.  McCoy,  J.H. , Rensch,  D.B. , and  Long,  R.K.  (1969)  Appl.  Opt.  8:1471. 
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3.3  Transmittance  Calculations 


The  transmittance  due  to  the  water  vapor  continuum  In  the  8-14  pm  region. 
Is  calculated  for  a horizontal  path  of  length  RANGE  (km)  at  altitude  z using  the 
following  expression  In  LOWTRAN  3B: 


t(v)  = exp  [-  Cg(v,  296)W(z)  RANGe]  (5) 

where  W(z)  Is  the  effective  H2O  absorber  amount  per  unit  path  length  (In  gm  cm 
atm  km”^)  at  altitude  z,  and  Cg(i/,  296)  la  the  water  vapor  (self  broadened)  atten- 
uation coefficient  obtained  from  laboratory  measurements  at  a temperature  of 


296  K. 

The  quantity  W(z)  Is  given  by: 


W(z)  = w(z) 


“HjO  “P  [*•“  (Ira  - *)]♦  (’“t  - PHjo) 


(6) 


where 

w(z)  = gm  cm"^/km  of  HgO  In  the  path  at  temperature  T,^ 

Pjj  Q » H2O  partial  pressure  (atm)  at  altitude  z, 

2 

P,p  = ambient  (total)  pressure  (atm)  at  altitude  z,  and 
T(z)  = ambient  temperature  at  altitude  z (degrees  Kelvin). 

Note  that  the  temperature  dependence  of  the  attenuation  coefflclen.'  C^{v,  T)  given 
In  Eq.  (4)  has  been  Incorporated  Into  the  expression  for  W In  Eq.  (6).  The 
reason  for  this  Is  so  that  the  temperature  variation  over  a given  atmospheric 
slant  path  Is  weighted  equally  with  the  water  content  along  the  path. 


Note  that  If  temperature  T(K)  and  relative  humidity  RH  (%)  are  known,  then  w and 
p„  - can  be  determined  as  follows : 

w = 0.001  XRH  Xp(T)  (gm  cm'^/km)  (a) 

Ph  o = 56  X 10"®  w T (atm) 

2 


(b) 


2''  .3 

where  p(T)  Is  the  saturation  vapor  density  of  water  (gm  m ) at  ambient  temper 
ature  T,  which  can  be  obtained  fiom  standard  meteorological  tables  (for  exam- 
ple, List®)  or  from  the  following  expression; 

p(T)  = A exp  (18.9766  - 14.  9595A  - 2.4388A^) 


(c) 


where  A = 273. 15/T 

Equation  (c)  Is  the  Empirical  equation  used  In  LOWTRAN  3 (see  page  9 of 
Selby  and  McClatcheyM. 

6.  List,  R.J.  (Editor)  (1963)  Smithsonian  Meteorological  Tables.  6th  Revised 
Edition,  Smithsonian  Institute,  Washington,  D.  C. 
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It  may  be  worth  contrasting  Eq.  (6)  with  the  corresponding  expression  which 
has  been  used  in  LOWTRAN  1 through  LOWTRAN  3,  that  is; 


W(z) 


w(z) 


0. 005 


4.  3.S-4.2  tm  HjO  CONTINUUM 


(7) 


7 

Using  the  laboratory  measurements  ol  Burch  et  al,  an  empirical  expression 
was  obtained  for  the  temperature  dependence  of  the  attenuation  coefficients  in  the 
3-5  ^tm  region.  The  measurements  reported  in  Burch  et  al  were  for  samples  of 
pure  water  vapor  made  at  elevated  temperatures,  and  have  been  confirmed  inde- 
pendently by  White  et  al.  ® 

It  was  found  that 


Cg(v.  T)  = Cg(i/.  296)  exp 


(8) 


provides  an  approximate  fit  to  the  measurements  for  pure  water  vapor  extrapolated 
to  a temperature  of  296  K. 

The  attenuation  coefficients  at  296  K used  in  LOWTRAN  3B  for  the  3.  5-4.  2 pm 
region  have  been  digitized  directly  from  the  extrapolations  reported  by  Burch 
et  al. 

From  the  limited  measurements  available,  it  appears  that  the  temperature 
dependence  of  the  water  vapor  continuum  (due  to  self  broadening)  in  the  3.  5-4.  2 pm 
region  is  not  as  strong  as  t>«at  in  the  8-14  pm  region. 


4.1  Foreign  Gaa  Broadening 

A value  for  the  nitrogen  broadening  coefficient  of  0. 12  was  obtained  by  Burch 

7 

et  al  for  a temperature  of  428  K.  Since  no  other  measurements  are  available  at 
the  time  of  writing,  this  value  will  be  used  in  LOWTRAN  3B  (see  Section  4. 2) 
with  the  same  temperature  correction  which  is  applied  to  the  self  broadening  term 
(see  Eq.  (8)). 


7.  Burch,  D.  E. , Gryvnak,  D.A.,  and  Pembroke,  J.D.  (1971)  Philco  Ford  Corp. 

Aeronutronic  Report  U-4897,  ASTIA  (AD  882876). 

8.  White,  K.O.,  Watkins,  W.R.,  Tuer,  T.W.,  Smith,  F.G.,  and  Meredith,  R.E. 

(1975)  J.  Opt.  Soc.  Amer.  65:1201. 
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4.2  Transmittance  Calculations 

As  for  the  8-14  fim  region,  the  transmittance  for  a horizontal  path  of  length 
RANGE  (km)  can  be  calculated  using  Eq.  (S)  (Section  3.3),  where  the  parameter 
W(z)  is  now  given  by  the  following  expression  for  the  3.  574.  2 pm  region: 

vnz) . w(.)  ^ “•  - Phjo']  “p  [ •■  *'  (^  - *)]  • 

As  in  Section  3,  the  temperature  dependence  of  the  attenuation  coefficient 
has  been  incorporated  into  Eq.  (9).  It  will  be  noted  that  the  nitrogen  broadening 
coefficient  in  the  4 pm  region  (see  second  term  in  Eq.  (12))  is  more  significant 
relative  to  the  self  broadening  term  than  in  the  10  pm  region.  Again  it  shoidd  be 
emphasized  that  the  above  expressions  are  approximate  and  further  measurements 
are  required  to  determine  the  temperature  dependence  of  the  nitrogen  broadening 
coefficient,  as  well  as  more  accurate  values  for  the  wavelength  dependence  of  the 
self  broadening  coefficient  at  ambient  temperatures  (for  example,  296  K)  and  its 
temperature  dependence. 


5.  COMPARISON  OF  LOVTRAN  3,  3A  AND  3B  PREDICTIONS 

The  effect  of  the  changes  described  in  this  supplement  on  the  transmittance 
for  (1)  a 10  km  horizontal  path  at  sea  level,  and  (2)  a vertical  path  to  space  from 
sea  level  for  three  extreme  atmospheric  models  (tropical,  1962  U.  S.  Standard 
and  Subarciic  winter)  are  shown  in  Figures  2 and  3 respectively  for  the  3.  5-5.  5 pm 
regions  and  7-15  pm  regions. 

In  all  cases,  the  LOWTRAN  3B  predictions  (dashed  curves  in  Figures  2 and  3) 
lead  to  greater  attenuation  in  the  3-5  pm  region,  by  as  much  as  20  percent  in  the 
worst  jase  shown  in  Figure  2,  However,  in  the  8-14  pm  region  LOWTRAN  3B 
appears  more  optimistic  than  LOWTRAN  3 by  up  to  a factor  of  2 for  the  worst 
case  given  in  Figure  2. 

Figures  4-6  show  some  comparisons  of  LOWTRAN  3 and  3F  with  measure- 
9 10 

ments  of  Gebbie  et  al  and  Yates  and  Taylor.  Ir  general,  LOWTRAN  3B  pro- 
vides better  agreement  with  both  sets  of  measurements.  However,  the  statements 
previously  made  in  Selby  and  McClatchey^'  ' with  regard  to  the  measurements  of 
Yates  and  Taylor,  still  apply,  namely  that  these  measurements  should  not  be  used 
as  a standard  to  compare  LOWTRAN  or  any  other  model  against. 

9.  Gebbie,  H.A.,  Harding,  W.R.,  Hilsum,  C.,  Pryce,  A.W.,  and  Roberta,  V. 
(1951)  Proc.  Roy.  Soc.  206A;87. 

10.  Yates,  H.  W. , and  Taylor,  J.H.  (1980)  Infrared  Tryismlsalon  of  the  Atmos- 
phere, NR  Report  5453,  U.  S.  Naval  Research  Laboratory,  Washington,  D.  C. 
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Figure  2.  Transmittance  for  a 10  km  Path  at  Sea  Level  for  Three  Atmospheric 
Models  (Comparison  of  LOWTRAN  3,  3A,  and  3B) 


19 


..JMUk-y  ■ '-f.'-f 


SUBARCTIC  WINTER 


uj  . 1962  US 
u STANPARO 


m 


TROPICAL 


3. SO  4 *50 

WAVELENGTH  (MICRONS) 


LOWTRAN  3,3A 

LOWTRAN  SB 


LOWTRAN  3 

---  LOWTRAN  SB 
\ LOWTRAN  3A 


TROPiwi^'^•;•-;•..., 


7.00  8.00  9.00  10.00  11.00  12.00  13.00  14.00  15.00 

WAVELENGTH  (MICRONS) 
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Models  (Comparison  of  LOWTRAN  3,  3A,  and  373) 
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6.  LOWTRAN  3B  H^O  CONTINUUM  COMPUTER  CODE  CHANGES 

The  computer  code  modlflcetlons  necessary  to  update  LOWTRAN  3 to 
l.OWTRAN  3B  are  discussed  below  and  are  treated  separately  from  the  errata 
sheet  given  In  Appendix  B,  and  from  the  aerosol  model  changes  given. In  Sections 
7 and  8. 

The  code  modifications  necessary  to  ("oorporate  the  3 5-4. 2 pm  and  8-14  pm 
water  vapor  continuum  additions  are  not  trivial  unless  one  treats  the  changes 
separately.  Because  of  the  different  formulations  given  In  Bqs.  (6)  and  (8),  It 
la  necessary  to  treat  the  water  vapor  continuum  In  the  two  spectral  regions  as 
though  they  were  different  absorbing  species.  This  means  that  separate  arrays 
need  to  be  set  up  for  the  horizontal  and  vertical  profiles.  Because  of  this,  the 
reader  will  be  given  two  options.  The  first  Is  the  change  necessary  to  run  either 
the  8-14  pm  region  (see  Section  6. 1)  or  the  3-5  pm  region  (see  Section  6. 2)  but 
not  both  together.  The  second  change  (see  Section  6. 3)  will  enable  both  regions 
to  be  r\in  with  one  submission  of  the  program  and  this  change  Is  recommended 
for  permanent  conversion  to  LOWTRAN  3B  (see  Appendix  E).  Note  that  changes 
6. 1(b)  and  6.  2(b),  (c),  and  (d)  are  compatible.  That  Is,  after  effecting  the 
changes  6. 1(b),  6. 2(b),  (c),  and  (d),  the  computer  code  can  be  run  with  either 
change  6. 1(a)  for  10  pm  region  or  change  6. 2(a)  for  the  4 pm  region.  If  the  com- 
puter code  Is  only  going  to  be  run  for  the  8-14  pm  region,  then  only  changes 


8. 1(a)  and  (b)  need  be  affected  and  vice  versa. 

6.1  8-14  pm  Region  Change  Only 

(a)  Page  70  - Replace  line  A 18SA  by  the  following: 

TSI  = (206.0/273.  15)*TS  *A  185A 

EH(5, 1)  = D*PPW*EXP(6. 08*(TSI  - 1.0))  + 0. 002*D*(PS-PPW)  *A  185B 

(b)  Page  75  - Delete  line  A 486  and  Insert  the  following: 
ceecoaa***  lO  MICRON  H20  CONTINUUM  CHAis’GE 

TX(5)  = 4. 18  + 5578.  0*EXP(-7. 87E-3»V)  *A  486A 

GO  TO  67  486B 

6.2  3.S-4.2  pm  Region  Change  Only 

(a)  Page  70  - Replace  line  A 185  by  the  following: 

TSI  = (296.  0/273.  15)*TS  *A  185A 

EH(5, 1)  * D*(PPW  + 0. 12*(PS-PPW))*EXP(4.  56*(TSI  - 1.0))  *A  185  C 
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(b)  Page  74  - Replace  line  A 453  bv  the  following! 

IP  (IV.  LT.  2080)  GO  TO  .'2  *A  453A 

IF  (IV.  LE.  3000)  GO  TO  62  *A  453B 

(c)  Page  75  - Delete  llnee  A 486,  A 187.  A 405,  and  A 496 
Ceeeeeeee  4 MICRON  H20  CONTINUUM  CHANGE 

62  IF  (IV.  LT.  2350)  GO  TO  68  *A  486 

XI  « (V  - 2350. 0)/50. 0 + 1. 0 *A  487 

IF  (IV.  LE.  1350.  OR.  IV.  GT.  2740)  GO  TO  72  *A  499 


(d)  Page  92  - Replace  the  10  pm  attenuation  coefficients  on  the  17th  line  from 
the  bottom  of  page  92  (identified  by  700  in  the  last  column  on  the  right  of  the  line) 
by  the  following: 

(Format  15F5.  3) 

^.OOV.  187^.  147V.  117V.  097v.  087v.  lOOv.  120v.  147v.  174v.  200V.  240V.  280v.  330V.  000V2350 

where  the  symbol  vhere  refers  to  a space. 

Note  that  the  4 ^m  water  vapor  continuum  data  given  above  occupy  the  same 
storage  locations  previously  occupied  by  the  10  pm  continuum  data,  which  is  now 
replaced  by  an  empirical  equation  (see  Eq.  (2)). 

6.3  Complete  Changes  for  Both  4 pm  and  10  pm  Regions 
Page  70;  1.  Replace  line  A 185  by: 

TSl  = (296.  0/273. 15)*TS 

EH(5, 1)  = D*PPW*EXP(6.  08*(TS1  -1.0))+  0.  002*Di-(PS-PPW) 

EH(10,  1)  = D*(PPW  + 0.  12*(PS-PPW))*EXP(4.56*(TS1-1.0» 

2.  Line  A 193D,  Replace  £H(10, 1)  by  REF 

3.  Line  A 197*,  Replace  EH(10, 1)  by  REF 

4.  Replace  line  A 200  by: 

IFdFIND.  EQ.  O.OR.  JP.EQ.  0)PRINT  434, 1,  Z(I),  (EH(K,  I),  K=  1,  10),  REF  *A  200* 

5.  Replace  line  A 210  by:  DO  18  K = 1,  10  *A  210 

6.  After  line  A 220  add:  EH(10,  Jl)  = E(10)  *A  220+ 

7.  After  line  A 225  add: 

IF(ITYPE.NE.3)EH(10,J2+1)  = TX(IO)  *A  225+ 


*A  185A 
*A  185B 
*A  18  5C 
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Page  71:  Replace  line  A 348  by:  DO  24  K - 1,  10 

Replace  line  A 272a  by:  26  DO  27  K ==  1,  10 
Replace  line  A 2P7  by:  DO  20  K = 1,  10 
Page  73:  Replace  line  A 356  by:  DO  36  K > 1.  10 
Replace  line  A 390  by:  DO  42  K « 1.  10 
Replace  lipe  A 407  by:  DO  44  K » 1,  10 
Page  74:  Replace  line  A 424  by:  WRITE(6,  421)(W(1),  I-l,  8),  W(10) 
Replace  lines  A 452  and  A 453  by  the  following: 

IFdV.  LT.  670)  GO  TO  72 
IPdV.  LE.  3000)  GO  TO  61 

Page  75:  Replace  statements  A 484  through  A 499  by  the  following: 

C********  WATER  VAPOR  CONTINUUM  10  MICRON  REGION 

61  IF  (IV.  GT.  1S50)  GO  TO  62 

TX(5)  = (4.  18  + 5578.0*EXP(-7.87E  - 3*V))*W(5) 

GO  TO  66 

62  IF  (IV,  LT.  23C0)  GO  TO  68 

C********  WATER  VAPOR  CONTINUUM  4 MICRON  REGION 
XI  = (V  - 2350.0)/50.0  + 1.0 
DO  63  NH  = 1,  15 
XH  = XI  - FLOAT  (NH) 

TX(5)  = C5(NH) 

IF  (XH)  64,  65,  63 

63  CONTINUE 

64  TX(5)  = TX(5)  + XH*(C5(NH)  - C5(NH  - 1)) 

65  TX(5)  = TX(5)*W(10) 

66  SUM  = SUM  + TX(5) 

IF  (IV.  LE.  1350.  OR.  IV.  GT.  2740)  GO  TO  72 

Page  77  - Line  A 629  modify  format  statement  as  follows; 

421  FORMAT  (/lOX,  8H  W(l-8)=8(E14. 3)/74X,  E14.  3/) 


*A  248 
*A  272* 
*A  287 
*A  357 
*A  399 
*A  407 

*A  452 
*A  4b3 

*A  484 
*A  485 
*A  486 
♦A  487 
*A  488 
*A  489 
*A  490 
*A  491 
*A  492 
*A  493 
*A  494 
*A  495 
*A  496 
*A  497 
*A  498 
*A  499 

*A  629 
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Page  79  - Relabel  line  B 37B  by  B 37D  and  replace  line  B 37A  by  the  follow- 
ing; 

DO  3 K = 1,  10  "»B  37A 

IF(K.  EQ.  9)  GO  TO  3 *B  37B 

Page  79  - Replace  line  B 45  by  the  following: 

DO  5 K = 1,  10  *B  45 

Page  92  - Replace  the  10  ixia.  attenuation  coefficients  on  the  17th  line  from 
the  bottom  of  page  92  (identified  by  700  in  the  last  column  on  the  right  of  the  line) 
by  the  following: 

(Format  15F5. 3) 

VO.  OOU  187V.  147V.  117V.  097V.  087v.  lOOV.  120v.  147v.  174v.  200v.  240v.  280V.  330V  000\^350 

where  the  symbol  Vhere  refers  to  & space. 

Note  that  the  4 pm  woter  vapor  continuum  data  given  above  occupy  the  same 
storage  locations  previously  occupied  by  the  10  pm  continuum  data  which  is  now 
replaced  by  an  empirical  equation  (see  Eq.  (2)). 


7.  ATTENUATION  FOR  MARITIME,  URBAN,  RURAL,  AND  TROPOSPHERIC 

AEROSOL  MODELS 

Four  new  aerosol  models  are  shown  in  Table  1 below  which  can  be  read  into 
the  LOWTRAN  3B  program  as  data,  when  required.  The  wavelengths  (pm)  and 
the  extinction  and  absorption  coefficients  (km~^)  for  these  aerosols  have  oeen 
digitized  directly  from  the  work  of  Shettle  and  Fenn,  and  are  given  below  in  the 
same  format  (that  is  4(F6.  2,  2F”.  5))  as  the  average  continental  aerosol  data 
already  contained  In  LOWTRAN  3 (for  a visual  range  of  23  km).  The  Rural  Model 
is  intended  to  replace  the  present  LOWTRAN  3 Aerosol  Model,  which  was  a pre- 
liminary version  of  the  Rural  Model. 

The  Maritime,  Urban,  Rural  and  Average  Continental  Aerosol  Models  are 
all  strictly  speaking,  boundary  layer  models:  that  is,  they  apply  to  the  first  few 
kilometers  of  the  atmosphere.  The  Tropospheric  Model,  on  the  other  hand,  was 
developed  primarily  for  use  in  the  troposphere  above  the  boundary  layer.  How- 
ever, it  can  be  used  for  transmittance  calculations  near  ground  level  for 


11,  Shettle,  E.  P.,  and  Fenn,  R.W.  (1976)  Models  of  the  atmospheric  aerosols 
and  their  optical  properties  in  AGARD  Conference  Proceedings  No.  183, 
Optical  Propagation  in  ^e  Atmosph^e. . pages  2. 1-2. 16,  presented  at  the 
Electromagnetic  Wave  Propagation  Panel  Symposium,  LynAy  Denmark, 
27-31  October  1975.  (Available  from  NTIS,  Acc.  No.  N76-29817. ) 
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Rural  Model 


Table  1.  Maritime,  Rural,  Urbar,  and  Tropospheric  Models 


.200 

.38223 

*07945 

.488 

.17989 

.01114 

1.060 

.07078 

.01070 

2.500 

.02068 

.00463 

4.000 

.01654 

.00232 

7.200 

.01569 

.00745 

8.700 

.01994 

.01126 

9.80 

.01744 

. 00032 

11.50 

.01455 

.00535 

15.00 

.01368 

.00834 

20.00 

.01427 

.00767 

Maritime  Model 


.200 

.20832 

.02054 

.488 

.16213 

,00193 

1.060 

.13909 

.00191 

2.500 

.09962 

.00336 

4.000 

.08670 

.00314 

7.200 

.04758 

.0  094  2 

8.700 

.04267 

.01114 

9.80 

.03257 

.00983 

11.50 

.02555 

,01663 

15.00 

.03888 

.02948 

20.00 

,03649 

.02537 

.250  . 32970  . 03661 
.550  .15800  .01095 
1.536  .04184  .00933 

3.000  .01900  .00584 

5.000  .01533  .00321 
7.900  .01102  .00617 

9.000  .02112  .01209 

10.00  .U1714  .00810 

12.50  .01365  .00516 
16.40  .01384  .00696 

22.50  .01381  .00767 


.250  .19518  .00864 
.550  .15800  .00186 
1.536  .12754  .00191 

3.000  .10426  *05258 

5.000  .07012  .00578 
7.900  .04063  .00923 

9.000  .04208  .01119 

10.00  .03051  .00987 

12.50  . 03085  .Q2-«54 
16.40  .04021  .02964 

22.50  .03232  .02263 


. 30  0 

.20540 

.02110 

.694 

.12064 

.00968 

1*800 

.03126 

.00700 

3.500 

.01767 

.00250 

5.500 

.11479 

.00388 

8.200 

.01019 

.00807 

9.200 

.02213 

.01378 

10.59 

.01588 

. 00689 

13.00 

.01339 

.00523 

17.20 

.01480 

.00767 

25.00 

.01302 

.00749 

.300 

.18479 

.00442 

.694 

.15901 

.00155 

1.800 

.12049 

.00145 

3.500 

*09899 

.00658 

5.  50  0 

.05928 

.00507 

8.200 

.03960 

. 01006 

9.200 

.03962 

^01141 

10.59 

.02582 

.01089 

13.00 

.03339 

. 025T5 

17,20 

.04121 

.02936 

25.00 

.02901 

.02053 

.400 

.22026 

.01317 

.060 

.09151 

.01058 

2.000 

.02510 

.00437 

3.750 

.01699 

.00214 

6.000 

.01389 

.00462 

8.500 

.01778 

.01254 

9.500 

.01870 

.01005 

11.00 

.01514 

.00570 

14.00 

.01286 

.00538 

18.50 

.01353 

.00677 

30.00 

.01204 

,00761 

.400 

.17032 

.00243 

.860 

.14412 

.00171 

2.000 

.11530 

.00218 

3.750 

.09191 

.00271 

6.000 

.05405 

.02351 

8.  500 

.04045 

.01125 

9.500 

.03552 

.01011 

11.00 

.02470 

.01330 

14.00 

.03608 

.02827 

18.50 

.03951 

.02769 

30.00 

.02420 

.01775 

Urban  Model 


200 

.31030 

.10692 

. 250 

.20416 

.08649 

.300 

.25805 

.07571 

.400 

.20867 

.06376 

488 

.176  31 

.05674 

,550 

.15800 

.05282 

*694 

.12601 

.04528 

.860 

.10071 

.04022 

1. 

06  3 

. 08140 

.03564 

1.536 

. 05  406 

.02769 

1.800 

.04465 

.02408 

2.000 

.03899 

.02115 

2. 

500 

.03211 

.01827 

3.000 

.02838 

.01699 

3.500 

.02545 

.01360 

3.750 

.02421 

.01274 

4. 

000 

.02319 

.01223 

5.  000 

.02010 

.01078 

5,500 

.01896 

. 01045 

6.000 

.01776 

.01023 

7. 

200 

.01747 

.01072 

7,  900 

.01445 

,00953 

8.200 

.01384 

. 01037 

8.500 

.01757 

. 01251 

8. 

700 

.01854 

.01172 

9.  000 

.01900 

.01202 

9.200 

.01939 

. 01278 

9.500 

.01748 

.01075 

9 

.80 

.01669 

.00973 

10.00 

.01644 

.00954 

10.59 

,01555 

.00868 

11.00 

*01499 

.00796 

11 

.50 

.01452 

.00765 

12.50 

.01373 

.00727 

13.00 

.01347 

.00721 

14.00 

. 01294 

.00707 

15 

.00 

.01315 

. 00843 

16.40 

.01297 

.00751 

17.20 

.01333 

.00776 

18.50 

.01245 

.00712 

20 

.00 

.01262 

.00741 

22.50 

.01209 

.00719 

25.00 

.01143 

.00691 

30.00 

.01050 

.00666 

Tropospheric  Model 


200 

.40212 

.08042 

.250 

.34505 

.03451 

.300 

.29674 

.01767 

.400 

.22585 

.00971 

46  8 

.18187 

.00772 

. 550 

.15800 

.00745 

.694 

.11722 

.00619 

.660 

.08537 

.00683 

1. 

060 

.06265 

.00665 

1.536 

.03076 

,00545 

1.800 

.01912 

. 00348 

2.000 

.01241 

.00173 

2. 

500 

.00783 

.00103 

3.  000 

.00629 

.00251 

3.500 

.00420 

.00076 

3.750 

.00354 

.00063 

4. 

000 

.00316 

.00069 

5.000 

. 00233 

.00098 

5.500 

.00224 

.00127 

6.000 

.00234 

,00171 

7. 

200 

.00363 

.00322 

7.900 

.00293 

.00285 

8.200 

.00465 

.00463 

8.500 

.00765 

.00766 

8. 

700 

.00664 

.00540 

9.000 

. 00726 

*00593 

9.200 

.00858 

.00760 

9.600 

.00503 

.00427 

9 

.8  0 

.003^7 

.00311 

10.00 

.00359 

. 00299 

10.59 

.002^2 

.00228 

11.00 

.00212 

.00175 

11 

.50 

.00191 

.00162 

12.50 

.00177 

.00157 

13.00 

.00180 

. 00164 

14.00 

.00182 

.00170 

15 

.00 

.00302 

.00375 

16.40 

.00246 

.00235 

17.20 

,00264 

.0024% 

18.50 

.00221 

. 00212 

20 

.00 

.00251 

.00242 

22.50 

.00252 

.00245 

25.00 

.00250 

.00246 

30.00 

.00276 

.00274 
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NUMBER  DENSITY  dN(r)/dr 


particularly  clear  and  calm  conditions  (in  pollution  free  areas  and  with  visibilities 
greater  than  30-40  km),  where  there  has  been  very  little  turbulent  mixing  for  a 
period  of  one  or  two  days,  permitting  the  larger  particles  to  have  settled  out 
without  being  replaced. 

The  altitude  variation  of  the  aerosol  number  densities  is  the  same  as  that 

12 

used  in  the  previous  LXD'WTRAN  programs,  based  on  Elterman's  measured 
extinction  coefficients  at  0.  55  pm.  The  size  distributions  for  the  Maritime  and 
Rural  Aerosol  Models  are  shown  in  Figure  7 (taken  from  Figures  2 and  3 of 
Shettle  and  Fenn^^).  The  Urban  Model  is  assumed  to  have  the  same  size  distri- 
bution as  the  Rural  Model. 

The  Tropospheric  Aerosol  Model  is  the  same  as  the  small  particle  portion  of 
the  Rural  and  Urban  Models,  that  is,  nj(r)  in  Figure  7a,  The  larger  particles 
are  lost  at  a higher  rate  than  the  small  ones,  and  above  the  boundary  layer  they 
are  not  replaced  by  turbulent  mixing  from  the  surface.  The  continental  compo- 
nent of  the  Maritime  Model  also  is  the  same  as  the  small  particle  portion  of  the 
Rural  Aerosol  Model  for  analogous  reasons.  For  comparison,  the  earlier 
LOWTRAN  3 Aerosol  Model  is  the  curve  labeled  Modified  Haze  C in  Figure  7a. 


Figure  7.  Size  Distributions  for  Aerosol  Models  Used  in  LOWTRAN  3B 

12.  Elterman.  L.  (1968)  UV.  Visible,  and  IR  Attenuation  for  Altitudes  to  50  km. 
1968;  Tech.  ReporrAFCl^L-6B-Oi53,"Sprll  lSeff, 
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The  aerosol  models  also  differ  In  their  composition  and  the  corresponding 
variation  of  refractive  index  with  wavelength.  The  Rural  Model  la  assumed  to  be 
a mixture  of  70  percent  water  soluble  aerosols  and  30  percent  dust-llke  aerosol. 

The  Maritime  Model  is  composed  of  a mixture  of  aerosols  of  oceanic  and 
continental  origins.  The  oceanic  aerosols  are  produced  primarily  by  the  sea 
spray  and  are  assumed  to  be  a solution  of  sea  salts  in  water.  The  continental 
component  has  the  same  composition  as  the  Rural  Model.  While  the  proportions 
and  nature  of  the  two  components  of  the  Maritime  Aerosol  will  vary  geographi- 
cally, there  1s  Insufficient  data  to  meanfully  model  these  variations.  For  simplic- 
ity, the  oceanic  component  la  taken  as  contributing  75  percent  of  the  extinction  at 
0. 55  pm,  which  yields  a model  which  Is  consistent  with  measurements  In  a num- 
ber of  different  maritime  locations. 

The  Urban  Model  Is  similar  to  the  Rural  Model,  but  with  an  addition  of  soot- 
llke  aerosols  such  that  the  mixture  Is  35  percent  soot-llke  aerosols  and  65  percent 
Rural  Aerosols.  The  Tropospheric  Model  is  assumed  to  have  the  same  composi- 
tion as  the  Rural  Aerosols.  The  refractive  Index  data  used  Is  tabulated  In 
Appendix  D. 

The  characteristics  of  the  different  aerosol  models,  for  the  lower  atmos- 
phere, are  summarized  in  Table  2.  The  size  dlstrlbutlotis  are  represented  by 
one  or  the  sum  of  two  log-normal  distributions: 


(log  r - log 


2 <T 


2 

1 


(10) 


3 

The  choices  of  in  Table  2 correspond  to  1 partlcle/cm  . The  actual  size  dis- 
tributions are  renormalized  to  give  the  correct  extinction  coefficients  for  the 
altitude  and  visibility  model  being  used. 

The  wavelength  variation  of  the  extinction  coefficients  for  the  aerosol  models 
is  shown  in  Figure  8 (taken  from  Figure  4 of  Shettle  and  Fenn^^)  for  a visual 
range  of  23  km.  It  will  be  noted  that  the  extinction  coefficients  for  the  average 
continental.  Rural  and  Urban  Models  do  not  differ  significantly.^  The  Maritime 
Aerosol  extinction  coefficients  and  those  of  the  Tropospheric  Model  show  con- 
trasting features  which  bracket  the  remaining  three  models. 

The  effect  which  these  various  aerosol  model'*  have  cn  the  atmospheric  trans- 
mittance for  a 10  km  path  at  sea  level  is  shown  In  Fit'  for  the  1962  U.  S. 
Standard  Atmosphere  and  a visual  range  of  23  km.  The  wi,rong  attenuation  of  the 
Maritime  Aerosol  Model  relative  to  the  other  aerosol  models  Is  apparent. 

^The  absor7*^<''n  properties  of  the  Urban  Model,  however,  are  appreciably  different 
from  those  oi  ihe  other  models. 
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Table  2.  Characteristics  of  the  Aerosol  Models  of  the  Lo'wer  ^itmosphere 


f 

f 

? 

Aerosol  Model 

size  Distribution 

Type 

i. 

1 

Ni 

**1 

•^1 

i 

Rural  1 

0.9999975 

0. 005  pm 

0.475 

Water -Solubles  and 

j 

2 

0. 0000025 

0.  5 pm 

0.475 

Dust-Llke 

t 

1 

Urban  1 

0.9999975 

0. 005  pm 

0.475 

Rural  Aerosol 

Mixture  and 

i. 

2 

0.  0000025 

0.  5 pm 

0.475 

Soot-Llke 

Maritime 

1 

Continental 

1.0 

0. 005  pm 

0.475 

Rural  Aerosol 

i 

s 

1 

Origin 

Mixture 

Marine 

1.0 

0.3  pm 

Sea  Salt  Solution 

Origin 

in  Water 

i 

Tropospheric 

1.0 

0. 005  pm 

Riiral  Aerosol 

J 

■■ 

. Alxture 

The  parameters  defining  the  size  distribution,  correspond  to  the  Nj,  r^,  and 
In  Eq.  (10).  Note  that  the  r^  values  are  the  mode  radii  of  the  distributions  on  a 
plot  at  dN/dr  vs  r. 


Figure  8.  Extinction  Coefficient  for  New 
Aerosol  Models  Used  In  LOWTRAN  3B 


1962  US  STANDARD  ATMOSPHERE 
VISUAL  RANGE  » 23km 


Transmittaoce  for  a 10  km  Path  at  Sea  Level  for  Three  Aerosol  Models 


It  is  recommended  that  the  Tropospheric  Model  be  used  for  alr-to*air  appli- 
cations and  the  other  models  for  near  surface  applications. 

Further  work  is  proceeding  to  incorporate  stratospheric  aerosol  models^ ^ 
and  a procedure  for  including  the  altitude  variation  of  aerosol  properties  for  more 
accurate  slant  path  calculations.  The  effect  of  increased  humidity  on  the  growth 
of  aerosol  particles  and  the  effect  which  these  changes  have  on  the  attenuation  as 
a function  of  wavelength  is  also  being  investigated.  Many  of  the  effects  of  chang- 
ing humidity  are  handled  by  normalizing  the  extinction  coefficients  to  the  visibility 

as  is  done  by  LOWTRAN.  This  can  be  seen  by  examining  the  wavelength  deperd- 

11 

ence  of  attenuation  coefficients  as  a hmction  of  humidity  in  the  Hodges  or 
14 

Bam|iardt  and  Street  models. 

7.1  Computer  Code  Changes  for  Including  Aerosol  Models 

In  order  to  use  the  aerosol  models  described  in  the  previous  section,  it  is 
necessary  to  make  the  following  card  changes  in  LOWTRAN  3. 

Page  67  - Replace  lines  A 85B  through  A 85D  by  the  following: 


IFdHAZE.  NE.  7)  GO  TO  250  A 85B 

READ  431,  (VX(I),  C7(I),  C7A(I),  1=1,44)  A 85C 

PRINT  431,  (VX(I),  C7(I),  C7A(I),  1=1,44)  A 85D 

IHAZE  = 1 A 85E 

250  IF(RO.  NE.O  ) RE=RO  A 85F 

IFdXY,  GT.  3)  GO  TO  8 A 85G 

IF(M.  EQ.  7.  AND.  IM.  NE.O  ) GO  TO  4 A 85H 


Page  86  - Replace  the  AEROSOL  SPECTRAL  DATA  (between  3 and  13  lines 
from  the  bottom  of  the  page)  with  the  corresponding  11  cards  for  the  Rural  Model 
presented  above. 

Note  that  the  above  changes  simply  replace  the  Average  Continental  Aerosol 
extinction  coefficient  arrays  by  those  for  the  Rural  Model,  and  permit  any  of  the 
other  three  Aerosol  Models  described  above  to  be  read-in  with  the  control  data 
cards  when  IHAZE  is  set  equal  to  7.  The  same  altitude  variation  of  aerosol  num- 
ber density  and  visual  range  interpolation/extrapolation  scheme  is  used  for 
determining  the  aerosol  transmittance. 


4 

I 
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13.  Hodges,  John  A.  (1972)  Aerosol  extinction  contribution  to  atmospheric  attenu-  ] 

ation  in  infrared  wavelengths,  Appl.  Opt.  11:2304-2310. 

14.  Bamhardt,  E.A.,  and  Street,  J.  L.  (1970)  A method  for  predicting  atmospheric  ^ 

aerosol  scattering  coefficients  in  the  infrared,  Appl.  Opt.  9:1337-1344.  i 
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7>2  Example  of  Use  of  New  Aerosol  Data 

Suppose  that  we  wish  to  compute  the  transmittance  for  a 10  km  path  at  sea 
level  for  a midlatitude  winter  model  atmosphere  for  both  Rural  Aerosol  and  a 
Maritime  Aerosol  condition  where  the  visual  range  is  15  km.  Let  the  wavelength 
range  be  2 to  5 pm  (that  is,  2000-5000  cm~^). 

The  control  cards  necessary  for  executing  this  problem  are  as  follows  (using 
the  same  parameters  and  card  formats  as  specified  in  Section  5 of  the  LOWTRAN  3 
report^). 

CARD  1 **3**1**1 

CARD  2 *****0. 000***************’*'********10.  000*>l'************15, 00 

CARD  3 **2000.  000“f*5000.  000*****5.  000 

CARD  4 

CARD  5 **3**7**1 

CARD  6 .200.20832. 

CARD  7 .488.16213. 

CARD  8 1.  060 . 13909  . 

CARD  9 2.500.09962. 

CARD  10  4.  000  . 08670  . 

CARD  11  7.200.04758. 

CARD  12  8.700.04267. 

CARD  13  9.800.03257. 

CARD  14  11.500.02556. 

CARD  15  15.  COO  .03888  . 

CARD  16  20.000.03648. 

CARD  17 

w’  s the  symbol  * refers 


02054  400  . 17032  . 00243 

00193. 860  14412  .00171 

00191  2.000 . 11530 .00218 

00336  3.750  .09191 .00271 

00314  6.000  .05485  .02351 

00942  8.500  .04045  .01125 

01114  9.500.03552.01011 

00983  11.000  .02470  .01330 

01663  14.000  .03688  .02827 

02948  18.500  .03951 .02769 

02537  30.  000  . 02420  . 01775 


to  a space. 


’he  card  sequence  can  be  continued  after  CARD  16  if  further  calculations 
arr  quired  with  one  submission  of  the  program  (see  Example  5 on  page  30  of 
Selby  and  McClatchey^).  In  such  a case,  however,  it  should  be  noted  that  the 
subsequent  calculations  will  also  use  the  Maritime  Model,  for  the  example  given 
here.  tius,  all  calculations  involving  the  Average  Continental  Model  (or  the 
Rural  Model  replacement)  should  be  set  up  first. 


8.  FOG  ATTENUATION 


In  LOWTRAN  3B,  we  have  not  added  attenuation  coefficients  for  fog  models; 
such  additions  will  be  included  in  subsequent  updates.  However,  the  follov.'lng 
update  is  included  as  a temporary  measure. 
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IP(VIS.QT.O.  0.  AND.  VIS.lt.  2.0)  XX  = 3. 91 /VIS  A 563D 

IPUHAZE.  EQ.  0 . OR.  XX.  GT.  0 .0 ) GO  TO  90  A 564* 

The  above  statements  will  set  the  Infrared  transmittance  equal  to  visible 

transmittance,  as  1s  suggested  by  the  studies  of  transmittance  by  fogs  of 
15 

Ruppersberg  et  al,  when  the  Input  visual  range  Is  leas  than  2 km.  Alternately, 
the  reader  could  omit  the  above  changes  and  use  the  Maritime  Aerosol  Model 
described  In  Section  7 for  moderate  fog  situations.  This  would  provide  a more 
optimistic  value  for  the  Infrared  extinction  for  a given  visibility  In  fog. 

Work  Is  currently  proceeding  at  APGL  to  develop  representative  fog  models. 


9.  SUMMARY  AND  CONCLUSIONS 

The  reason  for  designating  this  supplement  as  LOWTRAN  3B  Is  to  distinguish 
It  from  an  earlier  supplement  called  LOWTRAN  3A  (see  Appendix  A). 

In  this  supplement,  we  have  attempted  to  review  the  available  measurements 
and  theory  for  the  water  vapor  continuum  attenuation  In  both  the  8 >14  pm  and  the 
3.  5-4.  2 pm  regions.  These  results  have  been  included  as  updates  to  the 
LOWTRAN  3 computer  code.  ^ These  updates  include  the  addition  of  water  vapor 
continuum  attenuation  in  the  3.  5-4.  2 pm  region,  as  well  as  the  incorporation  of  a 
temperature  dependence  to  the  attenuation  coefficients  in  both  the  4 pm  and  10  pm 
spectral  regions.  The  contribution  of  foreign  gas  broadening  to  the  10  pm  H^O 
continuum  attenuation  has  also  been  reduced  by  60  percent  (the  latter  contribution 
was  reduced  by  100  percent  in  LOWTRAN  3A). 

Also  included  are  a Rural  Aerosol  Model  to  replace  the  LOWTRAN  3 Average 
Continental  Aerosol  and  three  additiona).  Aerosol  Models  which  are  representative 
of  Maritime  or  Urban  conditions  and  the  Tropospheric  above  the  boundary  layer.  A 
temporary  provision  has  been  made  for  handling  fog  situations,  whereby  the  infra- 
red attenuation  is  set  equal  to  the  visible  attenuation  (at  0.  55  pm)  when  the  visual 
range  is  less  than  2 km.  The  latter  provision  could  overestimate  the  attenuation 
at  10.  6 pm  by  a factor  of  2 under  the  best  propagation  conditions. 

Several  examples  have  been  presented  here  which  demonstrate  the  effect 
which  the  above  additions  have  on  the  transmittance  for  representative  atmospheric 
paths.  In  general,  LOWTRAN  36  predicts  higher  transmittance  values  in  the 
8-14  pm  region  and  lower  transmittance  values  in  the  3-5  pm  regions  than 
LOWTRAN  3,  due  solely  to  the  water  vapor  continuum  additions.  LOWTRAN  3A 
was  more  optimistic  in  the  10  pm  region  than  LOWTRAN  36,  due  to  the  omission 

15.  Ruppersberg,  G.  H. , Schellhase,  R.,  and  Schuster,  M.  (1975)  Calculations 
about  the  transmittance  window  of  clouds  and  fog  at  about  10.  5 pm  wave- 
lengths, Atmos.  Environ.  £;723-730. 
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of  the  foreign  gas  contribution  to  the  attenuation  coefficient.  Also  for  similar  sea 
level  visibilities,  the  Maritime  Aerosol  Model  predicts  more  attenuation  generally 
throughout  the  infrared  portion  of  the  spectrum  and  less  attenuation  at  w&velengths 
shorter  than  0.  55  pm,  than  the  continental  Aerosol  Models. 

It  must  be  remembered  that  the  results  presented  here  reflect  our  best  esti- 
mates at  this  time  based  on  the  limited  experimental  results  currently  available. 
As  more  accurate  measurements  become  available,  further  refinements  and 
Improvements  will  be  made  to  the  LOWTRAN  3B  computer  code. 

Work  Is  proceeding  to  Investigate  further  the  effects  of  molecular  line 
absorption  In  the  window  regions,  and  also  the  effect  of  high  relative  humidities 
on  the  size  distribution  of  aerosols  and  their  attenuation  properties. 

The  next  publication  of  LOWTRAN  will  Include  a provision  for  calculating 
atmospherin  and  earth  spectral  background  signatures. 
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Appendix  A 

LOT'TRAN  3A  Supplement 


The  following  modification  applies  to  the  8-14  pm  region; 

1.  Replace  line  A 185  by  the  following: 

EH(5, 1)  = 1.  67*D>fPPW*EXP(6.  58*(TS-1. 0))  A 185A 

2.  Delete  lines  A 486  through  A 496  and  insert; 

TX(5)  = (4. 18  + 5578.  0*EXP(-7.  87E-3*V))*W(5)  A 486* 

The  above  supplement  received  only  a limited  distribution  and  Is  now  superceded 
by  LOWTRAN  3B. 


Appendix  B 

LOWTRAN  3 Errata  Sheet  No.  3 


The  errata  sheet  (No.  3)  for  the  LOWTRAN  3 report  (Selby  and  McCIatchey^) 

Is  given  In  this  section.  So  far  as  the  running  of  the  computer  code  Is  concerned, 
the  following  comments  may  be  useful  with  respect  to  the  significance  of  the 
errata  presented  here. 

Errata  numbers  2,  8,  9,  10,  12,  15,  17,  24  are  Important  for  the  general 
running  of  t.te  LOWTRAN  3 (and  LOWTRAN  3B)  computer  codes,  without  using  the 
MODEL  = 7 option  (see  pages  27  and  33  of  Selby  and  McClatcheyS. 

Errata  numbers  20  through  23  are  Important  In  certain  cases  when  the 
MODEL  = 7 ootlon  is  used  (that  is,  when  the  reader  Is  Inputting  his  own  radiosonde 
data).  In  the  latter  case,  if  the  reader  Is  Inserting  more  than  20  altitude  levels 
In  the  first  5 km  of  the  atmosphere,  he  Is  advised  to  change  the  dimension  of  the 
quantity  AHZ2(20)  correspondingly.  In  line  A 3<'.  If  In  doubt,  change  the  dimen- 
sion to  AHZ2(34). 

Errata  numbers  7,  11,  13,  14,  16  are  for  bookkeeping  purposes  and  will  not 
affect  the  running  of  the  program. 


i.  Selby,  J.E.A.,  and  McClatchey,  R.A.  (1975)  Atmospheric  Transmittance 

From  0.  25  to  28.  5 pm;  Computer  Code  LOW^'IIAN  3.  AFCRL-TR-7s-'ff255. 
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AFCRL-TR-75-0255 
7 MAY  1975 

ENVIRONMENTAL  RESEARCH  PAPERS,  NO.  513 


ATMOSPHERIC  TRANSMITTANCE  FROM 

0.25  TO  28.5  um:  COMPUTER  CODE  LOWTRAN  3 

J.E.A.  Selby 
R.A.  McClatchey 

Errata  Sheet  No.  3 (April  1976) 


1.  Pages  38  through  44  - The  transmittance  curves  presented  in  Figures  5 
through  11  should  be  terminated  at  0.25  pm.  The  figures  show  an  increase  in 
transmittance  due  to  ozone  absorption  as  the  wavelength  approaches  0.2  pm. 
However,  absorption  due  to  oxygen  becomes  important  below  0.25  pm  and  has 
not  been  taken  into  account  in  LOWTRAN  3. 

2.  Page  69  - Line  number  A ] 26B  and  A 134’*'  should  read  as  follows: 

IF  (VIS. GT. 0.0)  PRINT  417,  VIS  A 126B 

IF  (VIS.  L2.0.0.  AND  .IHAZE.GT.O)  PRINT  416,  IHAZE.HZ(IHAZE)  A 134 

3.  Page  11  (para.  2)  - Delete  ' and  4 pm*  from  the  end  of  the  first  line. 

Note  that  the  4 pm  water  vapor  continuum  was  omitted  in  the  first  edition  of 
LOWTRAN  3.  The  4 pm  H2O  continuum  is  Included  In  the  second  edition  of  LOWTRAN  3 
(LOWTRAN  3A)  together  with  an  updated  version  of  the  10  pm  H2O  continuum. 

4.  Page  12  - The  left  hand  scale  of  Figure  1 should  read: 

ATTENUATION  COEFFICIENT  (km"l) 

A C z) 

5.  Page  14  - The  2nd  Eqritlon  should  read:  N(z)  ■ ^jg  + b(z) 

6.  Page  42  - The  transmittance  curve  for  30  km  to  space  was  not  reproduced 
on  the  upper  part  of  Figure  9. 


7.  Page  67  - The  second  A 81  line  sjjould  be  deleted  and  line  numbers  A 80 
through  A 82  should  read  A 80'*',  A 81  and  A 82*. 


8.  Page  70  - Line  numbers  A 203  and  A 204  should  read  ac  follows: 


170  IF  (IFIND.EQ.l)  GO  TO  9 
IP  - -1 


A 203 
A 204 


9.  Page  72  - Tines  following  A 309  and  A 318  were  omitted  and  should  read: 

IF  (TX3.lt. 0.0)  TX3  . xX(9)  A 309+ 

IF  (H2.LT.HMIN)  J2  - N A 318+ 

10.  Page  75  - Line  A 517  should  proceed  line  A 518. 

11.  Page  76  - Line  A 586A  can  be  deleted. 
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A S91A 


12.  Page  77  - Line  A 591A  should  read: 

AB  - 1.0  - SUHA/ (IV2-IV1) 

13.  Page  82  - The  sequence  number  C 197  for  the  last  line  on  this  page  was 
accidently  printed  at  the  top  of  page  83. 

14.  Page  83  - Although  the  card  sequence  on  this  page  Is  correct  the  card 
Identification  numbers  C 240  and  C 241  should  be  Interchanged  and  siarked 
with  an  *. 

15.  Page  84  - At  the  end  of  format  404  (line  number  C 262)  delete  the 
preceedlng  the  closed  parenthesis. 

16.  Page  88  - The  first  ten  lines  should  be  followed  by  *. 

17.  Page  92  - The  12th  and  13th  cards  from  the  bottom  of  page  92  should  be 
Interchanged.  The  wavenumber  Identifications  for  these  car  .s  are  17800  and 
19400. 

18.  Page  93  - In  the  title  for  Appendix  B,  LOWTRAM  2 should  be  changed  to 
LOWTRAM  3. 

19.  Page  62  - Figure  29  (lower  figure);  The  radiance  scale  should  be  multiplied 
by  10-2, 

20.  Page  66  - Line  A 3*;  change  HZ2(S)  to  HZ2(6)  in  the  dimension  statement. 

21.  Page  67  - After  line  A 60  insert  the  following  card: 

HZ2(6)  - HZ1(6)  A 61+ 

22.  Page  70  - Lines  A 190A  and  A 190D  should  read  as  follows: 

IF(M.NE.7.ANI).IHAZE.EQ.2)  HAZE-HZ2(I)  A 190/ 

IF(M-NE,7)HAZE-6.389*((HZ2(I)-HZ1  (D/VIS  + HZl(I)/5.-HZ2(I)/23. ) A 190D 

23.  Page  70  - After  line  A 191  Insert  the  following  card: 

IF (MODEL. EQ, 7)  EH(7,I)  - HAZE/AHAZE(1)  A 191+ 

24.  Page  80  - Line  C 44C  should  read:  HI  - HMIN 

25.  Page  99  - Replace  LOWTRAN  2 by  LOWTRAN  3 in  the  third  line  of  the  last 
paragraph. 

26.  Page  48  - The  Identifications  shown  in  Fig,  15  should  be  reversed.  The 
solid  curve  refers  to  Gebble  et  al  and  the  dotted  curve  to  LOVfTRAN  3, 
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Appendix  C 

8*14  H2O  Continuum  (Nitrogen  Broadening  Effects) 

As  stated  in  Section  3,  one  major  dilemma  in  the  8-14  region  Is  how  to 
account  for  the  H2O  attenuation  due  to  the  effect  of  both  self  and  foreign  gas 
broadening  and  the  temperature  dependence  of  both.  Because  we  do  not  fully 
understand  molecular  line  shape  theory  as  it  relates  to  the  far  wings  of  absorption 
lines,  we  have  to  resort  to  accotmting  for  such  effects  empirically.  Also  the 
Influence  of  H2O  dimers  (or  other  absorption  mechanisms)  on  the  attenuation  in 


the  8-14  pm  region  is  still  an  open  question.  I 

12  3 

However,  from  laboratory  measurements  ' it  appears  that  the  water  vapor  | 

attenuation  in  the  10  pm  window  does  follow  the  expression  given  in  Eq.  (1).  ;; 

From  the  laboratory  measurements  of  pure  water  samples  at  various  tern-  \ 

peratures,  it  seems  as  though  we  are  able  to  give  a fa  rly  reliable  value  to  Cg  at  ^ 

10.  6 pm  and  296  K.  1 

A summary  of  the  10. 6 pm  attenuation  measurements  obtained  at  Ohio  State  j 

2 

University  up  to  the  time  of  writing  this  paper,  was  kindly  provided  by  Long  and 
are  reproduced  in  Table  Cl,  together  with  the  experimental  conditions. 

Unfortunately,  the  temperature  was  not  precisely  recorded  for  these  meas- 
urements: the  temperatures  quoted  in  Table  Cl  are  estimated  values. 

1.  Burch,  D.  E.  (1971)  Semiannual  Technical  Report;  Investigation  of  the 

Absorption  of  Infrared  Radiation  by  Atmospheric  Gases.  Aeronutronic  i 

Raporf  U-47ai7  A^TIA  (AP  70211'^. 

2.  Long,  R.K.  (1976)  Private  Comm\mication. 


Table  Cl.  H2O  Continuum  Nitrogen  Broadening  Coefficient  at  10.  6 pm.  Water 
vapor  absorption  coefficients  for  the  P(20)  OO^l-lO^O  line  of  the  CO2  laser 
(X  = 10.  591  pm)  measured  In  the  laboratory  at  the  Ohio  State  University.  Tem- 
perature Is  approximately  296  K for  all  measurements.  Broadening  gas  was 
80-20  nitrogen  oxygen  for  McCoy  measurements  and  100  nitrogen  for  the  remain- 
der (Long^) 


Partial 

Pressure 

(torr) 

Total 

Pressure 

(torr) 

Absorption 

Coefficient 

km"l 

5.1 

760 

0.038 

5.64 

760 

0.022-0.034* 

6.0 

760 

0.06-0. 083* 

7.6 

760 

0.07 

8.5 

700 

0.086 

9.17 

760 

0.  Ill 

10. 

760 

0.118 

10.3 

700 

0.121-0.125# 

10.8 

700 

0. 129 

11.7 

760 

0.16-0.179 

12 

760 

0. 186-0. 191 

12.8 

700 

0.198 

14 

700 

0. 205 

14 

760 

0.216 

14.3 

760 

0.  231 

15 

760 

0.216-0. 240* 

15 

760 

0. 241-0.260 

15.1 

760 

0.245 

15.3 

700 

0.  220 

15.6 

760 

0.256 

4/74 

4/74 

11/74 

4/74 

5/68 

4/74 

4/74 

5/68 

5/68 

11/74 

4/74 

5/68 

5/68 

4/74 

8/74 

11/74 

4/74 

10/74 

5/68 

4/74 


Notes:  * One  water  sample,  two  backgrounds. 

#Two  separate  measurements. 

t Measurements  over  temperature  range  22  to  26°C. 


Notes 


Mills 

Mills 

Thomas 

Mills 

McCoyt 

Mills 

Mills 

McCoy* 

McCoyt 

Thomas 

Mills 

McCoyt 

McCoyt 

Mills 

Mills 

Thomas 

Mills 

Mills  ^ 

McCoyt 

Mills 


An  attempt  is  made  here  to  determine  the  quantity  C^/Cg  (from  296  K)  the 
above  measurements  assuming  a fixed  value  for  Cg. 

The  attenuation  coefficient  k(i/)  can  be  written  as  follows  In  the  same  notation 
given  In  Sections  2 and  3,  that  Is 


I = Cg(v)  I^PHjO  ^ ('^)  ^ 

where  Pj^  ^ and  Pj,  refer  to  the  partial  pressure  of  water  vapor  and  the  total 

pressure  'latm).  c:  (1  i Is  given  In  gm~^  cm^  atm~^  at  296  K,  and  w Is  of  the  qi 

® -2-1 
tlty  of  water  vapor  In  the  path  In  gm  cm  km 


tlty  of  water  vapor  In  the  path  In  gm  cm  km  . If  we  assume  a value  for  Cg, 
we  can  rewrite  Eq.  (Cl)  In  terms  of  the  quantity  Cj^/Cg  as  follows: 
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(C2) 
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Alternatively  Eq.  (C2)  can  be  rewritten  as: 


lt(v) 


o \^t:  ~ PhjO  j 


(C3) 


The  quantity  w can  be  calculated  from  Pjj^^  and  temperature  T using  Eq.  (b) 
of  the  footnote  In  Section  3.3,  that  Is 


w 


= p„  ^/(4,  56  X 10“®T)  gm  cm“^/km 


(C4) 


where  p„  „ and  T are  given  In  atm  and  degrees  Kelvin  respectively. 

Using  the  experimental  measurements  of  k at  10.  6 pm  given  In  Table  Cl, 
values  of  Cj^/Cg  were  calculated  using  Eq.  (C3),  It  was  assumed  that  Cg  - 7. 48 
gm  cm"^  atm  at  296  K based  on  Eq.  (C3).  which  is  consistent  with  reported 
measurements.  ^ The  results  were  plotted  against  water  vapor  partial  pres- 
sure Pjj  Q for  convenience  and  are  shown  In  Figure  Cl.  The  large  spread  in  the 
data  poiSts  will  be  apparent,  with  values  of  Cj^/Cg  ranging  from  -0. 004  to  0. 01. 
The  horizontal  bars  shown  In  Figure  Cl  indicate  the  spread  In  a given  data  point 
due  to  the  uncertainty  in  temperature.  Note  that  the  temperature  affects  both  Cg 
(through  Eq.  (3))  and  w (through  Eq.  (C4)). 

A least  square  fit  through  the  data  points  given  In  Figure  Cl  yields  a value  of 
approximately  0.  002  for  the  ratio  Cj^/Cg,  which  forms  the  basis  for  the  value 
used  in  LOWTRAN  3B. 


'I 
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3.  Roberts,  R.  E.,  Selby,  J.E.A.,  and  Blberman,  L.M.  (1976)  Infrared  con- 
tinuum absorption  by  atmospheric  water  vapor  In  the  8-12  pm  window 
Applied  Optics  H;2085. 


Appendix  D 

Aerosol  Refractive  Index  Data 


The  refractive  indices  of  the  different  types  of  aerosols  used  in  the  models 
are  a function  of  the  comparison  of  the  aerosols.  The  basic  for  choosing  the  dif- 
ferent aerosol  types  used  for  the  models  is  discussed  by  Shettle  and  Fcnn,  ^ along 
with  a discussion  of  the  different  sources  of  the  refractive  index  data  which  is 
presented  in  Table  Dl. 


1.  Shettle,  E.  P. , and  Fenn,  R.  W.  (1976)  Models  of  the  atmospheric  aerosols 
and  their  optical  properties  In  A CARD  Conference  Proceedings  No.  183, 
Optical  Propagation  in  ^e  Atmosph^e.  pages  2. 1-2. 16,  presented  at  the 
Electroma^euc  Wave  If^ropagatlon  Panel  l^rmposium,  Lyngby,  Denmark, 
27-31  October  1975  (NTIS  N76-29817). 
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tiAVELENGTH 
.2000 
.2500 
.3000 
.3371 
.4000 
.4080 
.5145 
.5500 
.6328 
.6943 
. 6600 
1.0600 
1.3000 

I. 5360 
1.8000 
2.0000 
2.2500 

2.5000 

2.7000 

3.0000 

3.2000 
3.3923 

3.5000 
3.7500 

4.0000 

4.5000 

5.0000 

5.5000 

6.0000 

6.2000 

6.5000 

7.2000 

7.9000 

8.2000 

8.5000 

8.7000 
9.0000 

9.2000 

9.5000 
9.8000 

10.0000 

10.5910 

II. 0000 

11.5000 

12.5000 

13.0000 

14.0000 
14.8000 

15.0000 
16.4000 

17.2000 

16.0000 

18.5000 
20.0000 
21.  3000 

22.5000 

25.0000 

27.9000 

30.0000 

35.0000 

40.0000 


i'able  Dl.  Refractive  Indices  for  the  Different  Aerosol  Types 


HEO'SOLBLE 
1.530  -7.00E-02 
1.530  -3.00E-02 
1.530  -8.00E-03 
1.530  -5.00E-03 
1.530  -5.00E-03 
1.530  -5.00E-03 
1.530  -5.00E-03 
1.  530  -6.  00E-03 
1.530  -6.00E-G3 
1.530  -7.00E-03 
1.  520  -1.20E-02 
1.520  -1.70E-02 
1.510  -2.00E-02 
1.510  -2.30E-02 
1.460  -1.70E-02 


1.420 

-e.OOE-03 

1.420 

-l.OOE-02 

1.420 

-1.20E-02 

1.400 

-5.50E-02 

1.420 

-2.20E-02 

1.430 

-8. OOE-03 

1.430 

-7. 00E-03 

1.450 

-5.00E-03 

1.452 

-4.00E-Q3 

1.455 

-5. OOE-03 

1.460 

-1.30E-02 

1.450 

-1.20E-02 

1.440 

-1, 80E-02 

1.410 

-2.30E-02 

1.430 

-2.70E-02 

1.460 

-3.30E-02 

1.400 

•7. OOE-02 

1.200 

-6.50E-C2 

1.010 

-.100 

1.300 

-.215 

2.400 

-.290 

2.560 

-.370 

2.200 

-.420 

1.950 

-.160 

1.870 

-9.50E-02 

1.82*5 

• 7,00E-02 

1.  768 

-7.O0E-O2 

-O,  OOE-*’' 

1. 

-«.c70E- 

i,  ‘•2<7 

-5.  30E-U  (* 

1 . i u 

-5.50E-02 

1 ,5b  C 

-7 ,306-02 

1.440 

-.100 

1.420 

-.20C 

1.750 

-.160 

2.080 

-.240 

1.980 

-.18  0 

1.850 

-.170 

2.120 

-.220 

2.060 

-.230 

2.  000 

-.  240 

1.880  -.?«n 

1.840  -.2'rj 

1.820  -.  300 

1.920  -.400 

1.860  -.500 


0U9T-LIKE 

1.530  -7.CQE-02 

1.530  -3.00E-02 

1.530  -8.00E-03 
1.530  -8.COE-03 
1.530  -8.00E-03 
1.530  -8.P0E-03 
1.530  -8.00E-03 
1.530  -8.00E-03 
1.530  -8.00E-03 
1.530  -8.00E-03 
1.520  -8.00E-03 
1.520  -8.00E-03 
1.460  -8.00E-03 
1.400  -8.00E-03 
1.330  -8.00E-03 
1.260  -8.00E-03 
1.220  -9.00E-03 
1.180  -9.00E-03 
1.180  -1.30E-02 


1.160 

-1.20E-02 

1.220  -l.OOE-02 

1.260  ■ 

-1.30E-02 

1.280 

-l.lOE-02 

1.270 

-l.lOE-02 

1.260 

-1.20E-02 

1.260 

-1.40E-02 

1.250 

-1.60E-02 

1 .220 

-2.10E-02 

1.150 

-3.70E-02 

1.140 

-3.90E-02 

1.130 

-4.20E-02 

1.400 

-5.50E-02 

1.150 

-4.00E-02 

1.130 

-7.40E-02 

1,300 

-9.00E-02 

1.400 

-.100 

1,700 

-.140 

1.720 

-.150  . 

1.730 

-.162 

1.740 

-.162 

1.750 

-.162 

1.620 

-.120 

1.620 

-.105 

1 .59  0 

-.100 

1.510 

-9.COE-02 

1.470 

-.100 

1,520 

-8.50E-02 

1.57  0 

-.100 

1.570 

-.100 

1.600 

-.100 

1 .630 

-.100 

1.640 

-.115 

1.640 

-.120 

1 .680 

-.220 

1.770 

-.280 

1.0"' 

-.280 

l.t'V 

-.240 

1 . ')  0 

-.320 

1.600 

-.420 

1.900 

-.500 

2 .100 

-.600 

SOOT 


1.500 

-.350 

1.620 

-.450 

1.740 

-.470 

1.750 

-.470 

1.750 

-.460 

1.750 

-.450 

1.  750 

-.  450 

1.750 

-.440 

1.753 

-.430 

1.750 

-.430 

1.750 

-.430 

1.750 

-.44  0 

1.760 

-.450 

1.770 

-.460 

1.790 

-.480 

1.800 

-.490 

1.810 

-.500 

1.820 

-.510 

1.830 

-.520 

1.640 

-.540 

1.860 

-.540 

1.873 

-.550 

1.683 

-.560 

1.900 

-.  570 

1.920 

-.580 

1.940 

-.590 

1.970 

-.600 

1.99  0 

-.610 

2.020 

-.620 

2.030 

-.625 

2.040 

-.630 

2.060 

-.650 

2.120 

-.670 

2.130 

-.680 

2.150 

-.690 

2.160 

-.690 

2.170 

-.700 

2.180 

-.700 

2.190 

-.710 

2,200 

-.715 

2.210 

-.720 

2.220 

-.730 

2.230 

-.730 

2.240 

-.  740 

2.270 

-.750 

2.280 

-.760 

2.310 

-.775 

2.330 

-.790 

2.330 

-.790 

2.360 

-.810 

2.380 

-.820 

2.400 

-.825 

2.410 

-.830 

2.450 

-.650 

2.463 

• .860 

2.480 

-.870 

2.910 

-.890 

2.540 

-.910 

2.570 

-.930 

2.630 

-.970 

2.690 

-1.000 

OCEANIC 

1.429  -2.07E-05 
1.4C4  -1.45E-06 
1.395  -5.83E-07 
1.392  -1.20E-07 
1.385  -9.90E-09 
1.382  -6.41E-09 
1,  381  -3.70E-09 
1.381  -4.26E-09 
1,377  -1.62E-08 

1.376  -5.04E-08 
1.372  -1. 09E-06 

1.387  -6.01E-05 

1.365  -1.41E-04 
1,359  -2.43E-04 
1,351  -3.11E-04 
1,347  -1.07E-03 
1,  334  -8.  50E-04 
1.3C9  -2.39E-03 
1,249  -1.56E-02 

1.439  -.197 

1.  481  -6.  69E-02 

1.439  -1.51E-02 
1,423  -7.17E-P3 
1,398  -2.O0E-03 

1.388  -3.69E-03 

1.377  -9.97E-03 

1.366  -9.57E-03 
1.333  -9.31E-03 
1.3C6  -7.96E-02 
1.431  -6.91E-02 
1,374  -2.94E-02 
1,343  -2.49E-02 
1.324  -2.79E-02 
1.  324  -3.  08E-02 
1.336  -3.36E-02 

1.366  -3.56E-02 
1.373  -3.65E-02 
1.356  -3.71E-02 
1.339  -3.68E-02 


1.324 

•3,86E-02 

1.  310 

-4.06E-C2 

1.271 

-5. 22E-02 

1.246 

-7.31E-02 

1.227 

-.105 

1.208 

-.1*0 

1.221 

-.223 

1.267 

-.271 

1.307 

-.  252 

1.321 

-.257 

1.407 

-.331 

1.4E7 

-.341 

1.525 

-.341 

1.536 

-.339 

l.EEO 

-.324 

1.566 

-.316 

1.579 

-.316 

1.596 

-.313 

1.612 

-.320 

1.614 

-.320 

1.597 

-.383 

1.562 

-.561 
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Appendix  E 

List  ot  Program  and  Data 


A listing  of  the  Fortran  program  LOWTRAN  3B  (1976)  is  given  in  Table  El 
together  with  the  two  subroutines  POINT  and  ANGL.  The  input  data  for  the  pro- 
gram is  given  in  Table  E2. 

The  subroutine  POINT  has  a twofold  purpose.  When  the  subroutine  is  called 
for  a given  altitude  X,  it  is  used  to  determine  the  mean  refractive  index  (1)  in  the 
layer  between  X and  the  level  above,  TX(9);  and  (2)  in  the  layer  between  X and  the 
level  below,  YN.  In  addition,  an  interpolation  scheme  is  used  to  determine  the 
effective  absorber  amounts  per  km  at  altitude  X for  each  absorber.  When  the 
parameter  IP  is  set  equal  to  zero,  only  the  mean  refractive  index  above  and  below 
altitude  X is  determined  from  POINT. 

The  subroutine  ANGL  is  used  solely  for  the  purpose  of  calculating  the  initial 
zenith  angle  or  ANGL)  by  an  iterative  scheme  taking  into  account  refraction, 
given  (1)  the  initial  and  final  altitudes  of  the  path  (HI  and  H2  respectively)  and  the 
angle  subtended  at  the  earth's  center  0 or  BETA)  by  the  trajectory:  or  (2)  the 
initial  altitude  and  tangent  hei^t  (HI  and  HMIN  respectively).  Examples  of  two 
typical  problems  involving  the  use  of  the  subroutine  ANGL  are  given  in  Sections 
6.  6 and  6. 7. 

The  changes  necessary  to  update  LOWTRAN  2 to  LOWTRAN  3 are  Indicated 
by  the  symbols  *,  +,  A,  B,  C etc.  against  the  card  sequence  numbers  in  Table  El. 
The  - symbol  indicates  that  the  following  c:\rd  (in  LOWTRAN  2)  has  been  removed. 
The  recent  water  vapor  continuum  changes  are  also  characterized  by  an  "v"  pre- 
ceedlng  the  card  Identification. 
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Table  El.  Listing  of  LOWTRAN  3B  Computer  Code 


PROERAM  LT3BIINPUTf0UTPUT«TAPE5«INPUTtTAPE6*0UTPUf)  A 

COMMON  Zt3i>)  tP(7«3M  «r(7i34)»EH(lQt3lil«MH<7t3A)  tM.NL«RE*CM,CO.PI  A 
DIMENSION  N0(7,34t,HZl(3<»)«HZ2C6l  *AHA2E(34)fAHZ2(2D)  A 

DIMENSION  TR(67) «PM 1671 «F0I671 «HZ (21 « TK (1C ) * »HC 10 t , NtlQI , £(19 > A 

DIMENSION  Cl(2SaO)«  C2(157S)«  C3(S40I«  C4(1S3)»  CSdSli  C6(102)  A 

DIMENSION  VX(4S) tC'IASttCrACAS)  A 

E( A)*EyP  (18. 9766-14. 9505*A-2.43682*A*A»*A  A 

DATA  HZ(1)/5H23  <M/«HZ(2)/SH  S KM/  A 

LCNTRAN  III  B JUNE  76  *A 

PROCRAM  LONTRAN3  CALCULATES  THE  TRANSMITTANCE  OF  THE  ATMOSPHERE  A 

FROM  3ED  CM-1  TO  400QC  CH-1  (9.25  TO  28.67  MICRONS)  AT  ZO  CN-1  A 

SPECTRAL  RESOLUTION  ON  A LINEAR  MAVENUMBER  SCALE.  A 

PEFEACTION  AND  EARTH  CURVATURE  EFFECTS  ARE  INCLUDED.  ATMOSPHERE  A 
IS  LAYERED  IN  ONE  KM.  INTERVALS  BETWEEN  0 AND  25  KM.,  5 KM.  INTER-  A 
VAL!  TO  50  KM.,  A TWENTY  KM.  INTERVAL  TO  70  KM.,  AND  U THIRTY  KM.  A 

interval  to  100  KM.  A 

PROGRAM  activated  BY  SUBMISSION  OF  FOUR  CARO  SEQUENCE  AS  FOLLOWS  A 

A 

CARO  1 MOnFL,IHAZE,ITYPE,L£N, JP,IM,Ml,M2,M3,ML,RO  FORMAT(10I3,F19.3)  A 

CARD  2 HI, H2, ANCLE, RANGE, BETA, VIS  FORMAT(7F10. I)  A 

CARD  3 Vt,  V2,  OV  FORMAT(7F10»3)  A 

CARD  4 IKY  FORMAT(I3)  A 

A 

HODEL=l,2,3,4,5  OR  6 SELECTS  ONE  OF  THE  FOLLOWING  MODEL  ATMOSPHERE  A 
TROPICAL.MIOLATTTUOE  SUMMER, MIOLATITUOE  winter, SUBARCTIC  SUMMER,  A 

SUBARCTIC  WINTER. OR  THE  1962  U.S.  STANDARD  RESPECTIVELY  A 

MOOEL«Q  FOR  HORI7.  PATH  WHEN  HETEOROL.  DATA  USEOlINSTEAO  OF  CARO  2 A 
READ  Hl,P(MB),T(OEG  C),0EW  PT.TEMPOEG  C)  ,XR£L  HUMIDITY, H20  DENSITY  A 
(GM.M-3),03  OENSITY(GM,M-3) , VIS ( KM) , RANGE (KM)  WITH  FORMAT  429.  A 
MCOCLS7  WHEN  NEW  MODEL  ATMOSPHERE (E. G.  RAOICSONDE  DATA)  USED.  A 

DATA  CARDS  ARE  READ  IN  BETWEEN  CAROS  1 AND  2,  AND  SHOULD  CONTAIN!  A 

ALTITUOE(KM,), pressure, TEMP, OtW  PT.TEMP,REL,  HUMIDITY, HZO  DENSITY,  A 
03  DENSITY, AEROSOL  NO,  DENSITY (CM-3)  ACCORDING  TO  FORMAT  429.  A 

NOTE  THAT  EITHER  OEM  PT.  TEMP, OR  REL,  HUMIDITY  CAN  BE  USED.  A 

A 

Ml, M2, M3,  ARE  USED  TO  CHANGE  TEMP, HZO,  AND  03  ALTITUDE  PROFILES,  A 

A 

IF  ]HA7E«0  NO  AEROSOL  SCATTERING  IS  COMPUTED  A 

IHAZF  si  IF  AEROSOL  ATTENUATION  REQUIRED  (THIS  IS  USED  IN  A 

CONJUNCTION  WITH  VISUAL  RANGE(SEE  CARO  2))  A 

IHAZE  = 1 OR  2 ALSO  GIVE  AEROSOL  ATTENUATION  FOR  23KM  AND  9KH  VIS.  A 
HAZE  MODELS  RESPECTIVELY  IF  VIS  «0  ON  CARO  2 A 

IHAZE  » 7 FOR  OTHER  AEROSOL  MODELS  (E.G.  MARITIME  ECT)  WHICH  A 

ARE  READ  INTO  PROGRAM  A 

A 

ITYFE»1,2  OR  3 INDICATES  THE  TYPE  OF  ATMOSPHERIC  PATH  A 

ITYPE»3, VERTICAL  OR  SLANT  PATH  TO  SPACE  A 

ITYPE»2, VERTICAL  OR  SLANT  PATH  BETWEEN  TWO  ALTITUDES  A 

1TYPE«1,  CORRESPONDS  TO  A HORIZONTAL  (CONSTANT  PRESSURE)  PATH  A 

A 

H1«0BSERVER  ALTITUDE  (Kr*  A 

H2»!OURCE  ALTITUDE  (KM)  A 

AN6LE>  ZENITH  ANGLE  AT  HI  (DEGREES)  A 

RANGE»PATH  LENGTH  (KM)  A 

BETA«EARTH  CENTRE  ANGLE  A 

VIS  « VISUAL  RANGE  AT  SEA  LEVEL  (KM)  A 

(IF  ITYPE«1  READ  HI  AND  RANGE) IF  ITVP£s3  READ  HI  AND  ANGLE.  A 


1* 

2* 

3H 

4 

5A 

SB 

5C 

6 

7 

7* 

8 
9 

10 

11 

12 

13 

14 

15 

16 
17 
18* 

19 

20 
21 
22 
23 
2h 
25 
26* 
27* 
28* 
29A 
29B 
29C 
290 
29E 
29F 
29G 

30 

31 

32 

33 

34 

35 

3$*'- 

35* 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 
•»8 
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Tabl*  El.  LUtlns  of  LOWTRAM  3B  Computer  Code  (Cont. ) 

IF  ITYFE>2  READ  HI  AND  TMO  OTHER  PARAHETERS  E.Gt  H2  AND  ANGLE) 

V1>INITIAL  FREQUENCY  (NAVENUHBER  CN-1  ) INTEGER  VALUE 
V2>FINAL  FREQUENCVtNAVENUMSER  CH>1  ) INTEGER  VALUE 
0V«  FREQUENCY  INTERVALS  AT  MHICH  TRANSHITTANCE  IS  PRINTED 
NOTE!  OV  HUST  BE  A NULTIPLE  OF  3 CH-i 

IXY«0  TO  END  BATA  *•!  FOR  NEW  VltV2*OV  ONLY  , >2  TO  CONTINUE  BATA 
IXY*3  FOR  NEW  CARO  2 QNLY»*«»  FOR  NEW  CARO  1 ONLY. 


1 


( 

i 

i 

t 


i 


I 

r. 


I 

2 


1 


C 


C 

200 


2S0 


300 


IXY«0 

READ  <!(«<i00)  lATNtNL 

READ  tF.AOl)  tHZKI)«I«ltNL) 

REAC  (S.UOl)  (H22(I),I«i.S) 

HZ2I6)«H21(6) 

DO  1 J>1.3 
X2»2*J 
K1>F2-1 
DO  1 1*1 «NL 

READ  I5.A02)  Z(I)««P(K.I)«T(K«I)*WH(K*I)*W0(K«I)«K*K1,K2) 
REAC  (E,li3il  IVXIII.C7a).C7AtI),I«l»AA) 

REAC  (!i«A03)  (TRCII  «FWm  ,F0(I)«I>1«67) 

READ  (G.AOA)  ICl (II « 1*1, 2500) 

REAC  (5,MA)  (C2(II, 1*1,1575) 

READ  (5,A0A)  (C3 (It ,I*1,5L0) 

REAC  (5,M5)  (C4(It,I*l,133) 

REAC  (F,A0%)  (C5(It,I*l,15) 

READ  (5, AOS)  (CO (It ,1*1, 102) 

RI*1,0»ASIN(1,0) 

CA*FI/100. 

IP*0 

CONTINUE 

RE-0371.23 

IFIIO»0 

JP  NF  0 SUPRESS  PRINT 

READ  AOO,N''OEL,IHAZE,ITYPC,LEN,JP,IN,M1,H2,N3,HL,RO 
PRUTAOO,HOOEL,IHA2E,ITYPE,LEN,JP,IH,H1,N2,M3,NL,RO 
PRINT  A2A,  NOBEL, TMAZE,ITYPE,LEN 
NaNOOEL 

IF  (H,EO,l)  RE-6370.T9 
IF  (H.EQ.A)  RE*635«.91 
IF  (H.EQ.S)  RE«635B.91 
IF(IHAZE.NE.7)  GO  TO  250 
READ  A31,(VX(I),C7(I),C7A(I),I«1,AA) 

FRIItT  A31,  (VX(I),C7m,C7A(I),I*l,AA) 

IHA7E*1 

IF  (RO,GT.O)RE«RO 

IF(F.E0.7. ANO.IN.NG.O)  GO  TO  A 

IF(IXY.GT.3)  60  TO  0 

IF  (NOOEL.EQ.O)  GO  TO  A 

REAC  AOS,  N1«H2,AN(;LE,RAN6E, BETA, VIS 

PRINT  A25,  H1,H2,AMGLC,RANGE,BETA,VIS 

X1*RE*H1 

IF  (ITYPE.E0.3)  GO  TO  560 

IF  (ITYPE.ECl.l)  60  TO  0 

X2*fE*H2 

IF  (RANGE.EQ.O.)  GO  TO  5 

PRINT  A28,  Hi,H2,ANGLE,RANGE,BETA,«IS 

IF  (H2. EQ.0. AND. ANGLE. NE.O)  GO  TO  3 

ANGLE*ACOS (0.5*1 (H2*H1)»(1.4X2/X1)7RAN6E-RANGE/X1) )/CA 


A A9 
A 50 
A >1 
A 52 
A 53 
A »A 
A 55 
A 56 
A 57A 
A 57B 
A 57C 
A 50 
A 59 
A 60 
A 60* 

A 61 
A 62 
A 63 
A 64 
A 65 
A 66* 

A 67 
A 60 
A 69 
A 70 
A 71 
A 72 
A 73 
A 74* 

A 75 
A 76 
A 77 
A 70 
A 79 
A 79* 

A 00 
A 01 
A 61 
A 62 
A 63 
A 04 
A 85A 
A 05B 
A 05C 
A 050 
A 65E 
A 05F 
A 05G 
A B5H 
A 66 
A 67* 

A 66 
A 69 
A 90*  \ 
A 91 
A 92 
A 93 
A 94 
A 95 
A 96 
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Table  El.  Listing  of  LOWTRAN  3B  Computer  Code  (Cont. ) 


GO  TO  r 


A 97 


XZ«SQftT<  (Xl/RANGE^RANGE/Xlf  2.0*COStANGLE*CA)  l•Xl*RANGb:l 

M2-X2-RE 

60  TO  7 

CONTINUE 

IFtNl*tE.O)NL>l 

00  SAO  K«1«HL 

AHA2EtlO>O.Q 

IF(F.EQ*QIREAO  A29«H1 «P(7«1I •THF«OP«RH«MH I7«K» *M0(7«KI « «1S«RANG£ 

IF IM.EO.O) PRINT  A30tHl«PI7«ll«TNP«OPtRH«NHI7*KI «M0 C7*Kt «V IS. RANGE 
IFtP.GT.OlREAQ  429«Z ( K) . P(7«KI .THP.DP.RH* NH (7.K) « H0C7.K) . AHAZ- I K) 
J>IFIxmRk71.0E*6T^l. 

IF(7.EQ.0»7(KI«H1 

IF(7(K).GC«2S.O)  d>fZ(K)«28.0)/9.04>26. 

IFtZtKI.GE.EO.OI  Ja(Z(K)»50. 01/26.04-31. 

IF(Z(K).GE.70.0)  J>(7(Kt-70.0l/30.0«32. 

IF(J.GT.33t J«33 
FAC»Z«KI-FLOAT<J*l» 

IF(J.LT.26)  CO  TO  SQO 
FAC>(Z<K)-5.0*Ft.CAT(J«26)-2  9.l/S. 

IF(J«GE.3tt  FAC>(7(KI-S0.0)/20. 

IFU.GE.32t  FAC>(Z(K)-70. 01/30. 

IFtfAC.GT.i.Ol  FACal.O 
L«J41 

Tt7.K»«THP*273.15 

IF«Nl.6T.0IT<7,KI«T<Hl,J»*mHl.t.»/TtHl,J»»*^FAC 

TT«273.1S/Tt7.KI 

IFtRH.UE.O.Ol  TT«273.15/I273.15*0PI 
IF<NH(7,X|.LE.O.O>  MHt7.K»*F(TT» 

IP  (N2.6T.0 1 MH( 7. K)>MH  tM2  « J) « <MH(H2tL4 /NH( HZ  * J) ) »«FAC 
IFtRH.GT.O.Ot  NM(7,K>»0.01*RH*NH<7.K» 
IFIH3.GT.O)MO<7*XI«MO(M3«Jt«(MO(H3.ti/MO(H3,Jt>«*FAC 
IF(2tK).GE«S.04G0  TO  520 

IF(AHA7E<KI.EQ.0.0tAH?2(KI«HZ2(J)*(HZ2IL)/HZ2(J))**FAC 
IFIAHA7E(K).EQ.Q.0tAHAZE(K)sH71<J)»<HZltL)/HZltJ))**FAC 
IF(7CnEL.EQ.OIGO  TO  0 
IF(K.EO.l) PRINT 

PRINT  A29«Z(K).P<7.KI tTHP.0P.RH.MHC7. XI .M0I7.K> .AHAZECK) 

CONTINUE 

IM«0 

NL»tL 

H1«0 

H2«0 

H3«0 

NOTE  that  ZCII  HAY  NOT  CORRESPOND  TO  THE  VALUES  GIVEN  FOR  STANDARD 
HODtL  ATMOSPHERES 
60  TO  300 

IF  IRAN6E.6T.Q.0)  60  TO  500 
IF  IH2.6T.0.0.AN0.H2.LT.H1)  IFINO«l 
60  TO  0 
ITYPE«2 

PETAa ACOSC 0.5* (RANGE* RANGE/ <X1*X2)*X2/X1-X1/X2) )/CA 

IF  IBETA.EQ.O.I  GO  TO  6 

IFINPal 

BET»CA*BETA 

X2«»E*H2 

ANGLE«ATAN(X2*SlNCOETI/CK2*COSCeET»-Xin/CA 

RANGE«X2*SINCRET)/SIN(ANGLE*CA) 

BET.BETA 
GO  TO  0 


A 90 
A 99 
A 100 
A lt)l* 
A 132* 
A 103A 
A 133B 
A 10  3C 
A 1030 
A 103E 
A 103F 
A 103G 
A 103H 
A 1031 
A 103J 
A 103K 
A 103L 
A 103H 
A IGSN 
A 1030 
A 103P 
A 1030 
A 103R 
A 103S 
A 1Q3T 
A 103U 
A 103V 
A 103M 
A 103X 
A 103Y 
A 1U3Z 
A lOAA 
A 104B 
A 104C 
A 1040 
A 104E 
A 104F 
A 104G 
A 104H 
A 1341 
A 104J 
A 104K 
A 104L 
A 104H 
A 104N 
A 1040 
A 104P 
A 1040 
A 104R 
A 104S 
A 104T 
A 105 
A 136 
A 107 
A 106 
A 109 
A lie 
A 111 
A 112 
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Table  El.  Llating  of  LOWTRAN  3B  Computer  Code  (Cont. ) 


6 PANGE«(X2/Xl)*»2-(SINf«NGI.E*CA))**2  A 113 

lA  (RANGE.CE.Q.O)  RANGe«Xl* (SORT (RANGE! -AdS (COS (AN6LE«CAU I A 114 

7 IF  (ANGLE.NE*0«.OR.ANGLE.K~.ieO.)  BET«ASIN(RANGE«SIK(ANGI.E*CA)/X2)  A 116 

IF  (ANGLE.LT.O.I  ANGLE>ANGLE4PX  A 116 

IF  (RAN6E.lt, 0.0)  RANGEa-RANGE  A 117 

BET>RET/CA  A 110 

PRIFT  420,  H1,H2*ANGLE*RANGE.BET,VIS  A 119 

0 CON1INOE  A 120A 

SUNA«0,  A 120B 

IFdXY.LE.2)  READ  406,V1,V2.0V  A 121* 

IF(IXV,LE.2IPRIKT  406,F1*<I2,OF  A 122* 

IF  (ITVPE.EO.l)  PRINT  407,  HI, RANGE  A 123 

IF  (ITYPE.EQ.2I  PRINT  400,  HI, H2, ANGLE  / 124 

IF  (ITYPE.EQ.3I  PRINT  409,  HI, ANGLE  X 125 

IF  (HOOFL.EQ.O)  H*7  A 126A 

IF  (VIS.6T.O.O)  PRINT  417,VIS  A 126B 

I^(VIS.LT.2.fl.ANO.yiS.GT.Q.O)  PRINT  442  A 126C 

IF  (H.EO.l)  PRINT  410,  H A 127 

IF  (H.EQ.2)  PRINT  411,  H A 120 

IF  (H.EQ.3)  PRINT  412,  H A 129 

IF  (M.E0.4)  PRINT  413,  M A 130 

IF  (H.EQ.S)  PRINT  416,  H A 131 

IF  (M.E0.6)  PRINT  414,  H A 132 

IF  (VHA7E.EO.O.)  PRINT  426  A 133 

IF  (VIS.LE.0.0.ANO.IHA2E.6T.0)  PRINT  416, IHAZE,HZ (iHAZEk  A 134* 

AVM«100QQ./V1  A 135 

ALAH>tP040./V2  A 136 

PRINT  410,  Y1,Y2,0«,ALAH,AYM  A 137 

AVM«0.5E<*4*(V1*Y2)  A 130 

AVM«AVM«AVM  a 139 

C0«77.464,459*AVH  A 140 

CN»A3, 407-0, 3473*AYN  A 141 

IP  (IPIND.EQ.l)  GO  TO  16  A 142 

P IF  (IFINO.EQ.l)  CALL  ANGL  (HI, H2, ANGLE, BETA, LEN,HL)  A 143* 

1FIN0»*»  A 144 

IF  (JP.EQ.0)  PRINT  42Y  A 14C* 

IF  (ITYPE.EQ.l)  GO  TO  15  A 147 

00  11  K>1,10  A 140 

VH(K)>0.0  A 1h9 

11  CONTINUE  A 160 

«FTA«".0  A 151- 

SR«0,0  A 153 

IP»0  A 154- 

r****  NON  DEFINE  CONSTANT  PRESSURE  PATH  QUANTITES  EH(l-O)  A 156 

Y»CA*ANGLE  A 157 

SPHI«SIN(Y)  A ISO 

R1»(RE*H1)*SPHI  A 159 

IF  (H1.GT,Z(NU)  GO  TO  IS  A 160 

GO  TO  15  A 161 

13  X»(RE*7(NL)l/(RE*Hl)  A 162 

IF  (SPHI.CT.X)  GO  TO  14  A 163 

H1«7(NL)  A 164 

J1*)L  A 166 

SPHI*SPHI/X  A 166 

AN6LE«100.0-ASIN(SPHI)/CA  A 167 

R1«(RF+H1)*SPHI  A 160 

GO  TO  15  A 173 

14  HHIN-Rl-RE  A 171 

PRINT  433,  HHIN  A 172 

GO  TO  95  A 173 


15 


1 

I 


L 


I 


150 


16 

17 

170 


16 

19 


Table  El.  Listing  of  LOWTRAN  SB  Computer  Code  (Cont. ) 


i?0  17  T«1,NL 

PS>P(H«n/1013.0 

TS«l73.15/TlM,n 

IFtMl.Cr»0.«N0.H,LT.7)TS>273*lS/TIHl,II 

X«PS*TS 

PT«PS*5Q9T(TS» 

n«0*l*UH(H«n 

IFtN?.r,T.O.ANO.H,LT.7l  O>0.  1«WH(H2»I) 

FH(l,Il«O*PT**0.9 
FHC2,I)»X*PT**0.75 
FHtli,ll»0.6*PT*X 
PPHi^.SeC-S^O^Z’S.lS/TS 
TS1« tZ96, 0/273. 15) •TS 

EH  19, 1»  ■0*PPM*EXP<6.  0 6*<  Ti!l-1. 01 » *0.  0 02*0  IPS-PPH» 
FHtl0,n«O*tPPH*,0.l2*  <PS-FPtm*EXP(4,  55*«TS1*1,0»  > 

EHt6,I»«X 

HAZE>H71(II 

TF(F.E0.7t  HAZe«AH67EfI) 

IF(7(T).GE.9.0I  60  TO  150 
IF(7.N^.7. AN0.IHAZE.E0.21  HAZE«HZ2(1I 
IFnHAZE.EQ.2.ANn.H.EQ«7)HAZE«AHZ2m 
IFIXIS.LE.0.0)  GO  TO  150 

IF  (H. HE. 71  HAZE*6.369«((HZ2(II<HZim  )/VIS«HZl  1 1) /5.*HZ2I  II/23.> 
IF  (H.HE.7)  GO  TO  ISO 

HAZE«6,389*((AHZ2(II>AHA7F<I»}/VISTAHAZEIII/5.0«AHZ2m/23.0l 

IF(HA7F.LT.0.0)  HAEEsO.O 

EHt7,I»»HAZE/HZltl» 

IF(M0nEI..E0.7l  EH(7,n«HAZE/AHAZEIl) 

EH(C.I)«46.6667«M0tM, II 

IF(t3.6T.0«ANO.H.LT.7)  EH(6,1I«<»6.667*M0(H3,I) 
EH(3,I»«EHt8,I»*PT**0.<* 

EH(S,II«1.Q 

REF-l.OE-e^tCO’XMOlS.O/ZZS.lS-PPH^CMI 

IF  (I.EQ.NU  GO  TO  16 

IF  (HOOEL.EO.O.ANO.I.CE.l)  60  TO  26 

T2*T(M,I*1I 

M2«MH(H,I41) 

IF(H1.GT,0»T2»T«H1,I+1» 

IF tM2.6T,0»M2«HH<H2.I*l) 

PPH«4.56E-6*W2*T2 

EH(e,H«f|.5*tREF*l,OE-6*tCO*PtM,I*l»/T2-PPM*CH») 

IF  (I.rO.NU  EH(9,I)>0. 

IF  (Hl.GE.ZCIII  J1«I 

IFtlFINO.EQ.O.OR.JP.EQ.OI  PRINT  636.  I* Zt I) , (EH (K. I» ,K>1, 10) , REF 

EH(c,n*FH(9.I)«1.0  V 

CONTINUE 

IF  (IFIND.EO.l)  GO  TO  9 

IP»-1 

IX«0 

X1»H 

CALL  POINT  IMl.YN.N.NPi.TX.IP)  p 

J1»N 

TX1»TX(9) 

00  18  X«l*10 
E(K)«TX(K) 

IF  (ITVPE.EO.il  GO  TO  26 
IF  I1TYPE.EQ.3I  H2»ZINLI 
IF  (ANGLE.GT.90.0)  GO  TO  28 
IF  (AN6LE.6T.90.O.ANP.NP1.GT.0)  JlsJin 
J2»)L 


A 176 
A 175 
A 176A 
A 1768 
A 177 
A 178 
A 179 
A 180* 
A 181* 
A 182* 
• A 183 
A 186* 
•A  185A 
•A  1858 
»A  185C 
A 186 
' A 187 
A 188* 
A 189* 
A 190A 
A 1908 
A 190C 
A 1900 
A 190E 
A 190F 
A 190G 
A 191A 
A 1918 
A 192 
A 193A 
A 1938 
A 193C 
»A  1930 
A 196 
A 195  A 
A 1958 
A 1-95C 
A 1950 
A 195E 
A 196* 
•A  197* 
A 198* 
A 199* 
*A  200 
A 201 
A 202 
A 203 
A 206 
A 205 
A 206 
A 207 
A 208 
A 209 
*A  210 
A 211 
A 212 
A 213 
A 216 
A 215 
A 216 


J 

J 

I 

1 

i 

i 
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Table  El.  Listing  of  LOWTRAN  3B  Computer  Code  (Cont. ) 


IF  (ITYPE.EQ.3I  GO  TO  20 

A 

217 

CALL  POINT  (H2tVNtN,NP»TX«IP) 

A 

2ia 

J2«N 

A 

219 

IF  INP.GT.Q)  J2*J2-1 

A 

220 

29 

00  21  K«l,10 

•A 

221A 

IFtK.EQ.O)  60  TO  21 

•A 

221B 

EH(K,J1)«E(K) 

A 

222 

m 

IF  tITYPE«E0.3»  60  TO  21 

A 

223 

EH(K*J271|sTX(K) 

A 

224 

21 

CONTINUE 

A 

225 

IF  (J1.EQ.J2)  TXl«TXl+YN-EH(9tJl) 

A 

226 

NON  DEFINE  VERTICAL  PATH  QUANTITIES  VH(l-«i 

A 

227 

IF  (JP.EQ.1)  PRINT  A20 

A 

226* 

00  25  I«JltJ2 

A 

229 

X1«2<I» 

A 

230 

X2*2II+11 

A 

231 

IF  (I.EO.Jl)  X1»H1 

A 

232 

IF  II.EQ.J2t  X2=H2 

A 

233 

02«X2-X1 

A 

234 

IF  (I.EQ.NL)  02=Z(TI-2«r-l» 

A 

235 

0S»07 

A 

236 

• UPNA«'0  TRAJECTCPV 

A 

237 

RX«fPE»Xlt/fRE7X2) 

A 

238 

THETA=ASIN<SPHI»/CA 

A 

239 

PHI«ASTN<SPMI*RX1/CA 

A 

240 

BET=TH£TA-PHI 

A 

241 

SAL»»RX*SPHI 

A 

242 

IF  <SPHI,GT,1,E-10»  0SalRE+X2»*SINiaET*CA)/SPHI 

A 

243 

BETAaBETA+BET 

A 

244 

\’SI«PETA*PHI-ANGLE 

A 

245 

FHIal80.-PHI 

A 

246 

SRaSR+OS 

A 

247 

00  26  Xalfto 

•A 

246 

EVaOS’FHtX.II 

A 

249 

IF  (I.EQ.NL)  GO  TO  22 

A 

250 

IF  (EH(K.I).EQ.O.O.OR.EH(X*I71).EQ.O.O)  GO  TO  23 

A 

251 

IF  (EH(K,I).EQ.EH(K,m*)  60  TO  24 

A 

252 

EyaOS*(EH(K,I)-EH(N,l»ll l/AL06(EH (K. I I/EH (Kt I«l) ) 

A 

253 

GO  TO  24 

A 

254 

22 

IF  (EH(K.I) .EQ.O.QI  GO  TO  23 

A 

255 

IF  «EH(K,I-1).EQ.0.0)  GO  TO  23 

A 

256 

IF  (EH(K«I).EQ.EH(R.I>1I)  GO  TO  24 

A 

257 

EV=EV/ALOG(EH(K.I-l)/EH(K,II) 

A 

258 

GO  TO  24 

A 

259 

23 

EVaO, 

A 

260 

2<* 

VH(K|aVH(K)+EV 

A 

261 

IF  (JP.EQ.O)  PRINT  435*  I.Xl, ( VH(L) *Lal ,« ) .PSI t PHI .SETA.THETAt SR 

A 

262* 

IF  (I.GE.NL)  GO  TO  25 

A 

263 

IF  (I«1.EQ.J2I  EH(9»I+i)=YN 

A 

264 

IF  (I.EO.Jl)  EH(9.I)aTXl 

A 

265 

RNaEH(9,I*l)/EH(9,T) 

A 

266 

SPHIaSPHI*RX/RN 

A 

267 

IF  (SALP.GE.RN)  SPMIaSALP 

A 

268 

25 

CONTINUE 

A 

269 

GO  TO  47 

A 

270 

horizontal  patk 

A 

271 

26 

CC  27  Kal.lO 

•A 

272 

N(K}aRBN6E*EH(K.l) 

A 

273* 

IF  (HOOEL.GT.il)  M(N)  apANGE*TX(  K) 

A 

274* 

27 

continue 

A 

275 
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Table  El.  Listing  of  LOWTRAN  3B  Computer  Code  (Cent. ) 


k 

h 

I 


t 

I 


f 


I 


I 


GO  TO 

26  CONTINUE 
C****  OCMNMARO  TRAJECTORY 
K2«0 

IF  INPl.EQ.ll  J1»J1-1 

1F*^*H2.  GT*  2 ( Jl*l » . OR.  HI.  EQ.  H2I  TO  30 

IF  (NRl.EQ.l.AM0.H2.6E.Z(Jl»in  GO  TO  30 
CALL  POINT  IH2*YN«N»NP2.TX.1P> 

00  29  Ksl.lO 
29  MfK»aTX«K» 

TX2«TX»9» 

YN2*YN 

IF  (H2.LT.hu  HsH2 

IF*1j1. EQ. J2)  TX2-TX1*YN2-£H (9.N» 

IF  (H2.GT.Hil  TX1*TX2 
IF  (J1.EQ.J2.AN0.H2.LT.H1)  YN1=TX2 
so  AOa(RE>Hl)*SPHI*YNl 

IF  (H2.GE.H1)  YN2*TN1 
00  31  T*1.J1 
HNI^«A0/EM(9♦I)-RE 
IF  (l.EO.Ji)  HHIN=A0/YN1-RE 

IF  (HMIN.L£.2(I*1»*  60  TO  32 

31  CONTINUE 

32  XaHFIN 

IF  v’NNIN.LE.O)  GO  TO  3*j 
CALL  POINT  (X.YN.N.NP.TX.IP) 

JNIA»N 

ir(jL’EQ.N.OR.Jl.EQ.N)  TX3aYN2*TX(9)-EH(9.N) 
IF(TX3.LT.0.0)TX3aTX(9) 

IF  (J1.EQ.N.AN0.H2.GE.H1)  GO  TO  33 
HNIIs«An/TX3-RE  , ,, 

IF  (APS(X-HHTN).GT. 0.0001)  GO  TO  32 
tJl,EQ.N.AND.H2.GE.Hl)  YNlaTX3 
<J2.E0.N.AN0. Jl.NE. J2)  VN2aTX3 
(H2.GE.H1)  TX2»TX3 
(H2.Ge.Hl)  J2*N 

(H2.6F..H1.0R.H2.LT.HHIN)  H=HHIN 
PPIFT  436.  HHIN 
IF(H2.LT.HNTN)J2-N 
IF  (H2.LT.HMIN)  PRINT  440,  HHIN 
GO  TO  ?5 

34  PRINT  436,,  HHIN 

IF  (H2.LT.H1)  GO  TO  34  . » , 

IF  (ITYPE.E0.3.0R.H2. GE.Hl)  PRINT  432 

ITYFE=2 
TX2*FH(9.1) 

JMIN*0 
J2»l 
H2s0.0 

^Nol'*0*’FINE  VERTICAL  PATH  QUANTITIES  VH(l-8) 
IF  (JP.EQ.Of  PRINT  420 
00  40  I»1»NL 
Jsj-1 


33 


IF 

IF 

IF 

IF 

IF 


35 


A 226 
A 277 
A 278 
A 279 
A 280 
A 281 
A 283 
A 282 
A 284 
A 285 
A 286 
•A  287 
•A  288 
A 289 
A 290 
A 291 
A 292 
A 293 
A 294 
A 295 
A 296 
A 297 
A 298 
A 299 
A 300 
A 301 
A 302 
A 303 
A 304 
A 305 
A 306 
A 307 
A 308 
A 309 
A 309* 

A 310 
A 311 
A 312 
A 313 
A 314 
A 315 
A 316 
A 317 
A 318 
A 318+ 
A 319 
A 320 
A 321 
A 322 
A 323 
A 324 
A 325 
A 326 
A 327 
A 328 
A 329 
A 330 
A 331^ 
A 332 
A 333 


j 
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Table  El.  Listing  of  LOWTRAN  3B  Computer  Code  (Cont. ) 


REF»gH(9tJI/ 

IF  a.EQ.l^  REF«YN1 
IF  (I,EQ«tiiAN0.K2.E(I«ll  ftEFsVNZ 
IF  IJ.E0.4iie.ANn»K2«£Q.fll  REF>TX2 
IF  II.NE.i)  X1>2U«-1) 

X2«2(J»  / 

IF  tJ.FQ«/l2.ANO.K2.EO«0)  X2<H 

IF  <J.FQ,'jMIN.A.N0*K2.EQ.tl  X2>HHIN 

HHmtRE+xil^SPHIfRE 

IF  fHM*G%«7CJ).4N0.HM.GT*X2)  X2>HM 

RX«  IRE«^l)/IRE4-)(2) 

rs«xi-X/2  i 

ALP>90y0 

THET«AfiIN|Sr»MI»/CA 
SALP»RX*SRH1  \ 

IF  (ABS(X2-HNI .GT«1.0E*SI  ALP-AS1NISALP>/CA 
PET»AL«»-THET 

IF  (/SRHI.GT.l.OE-ltM  0S*«RE*X2»*SIN<BET*CA)/SPHI 

THEtA»l80.0-TMET 

PFTA*RPTA*BET 

FSiaBETA-ALP-ANGLF*l90.a 

SH*  JR*0S 

DO  29  K*l,10 


SJ«EH|K,J| 
J«EH(K« Jt] 


PJ«EH(K« Jtl) 
tF  U.EQ.Jl)  ej>E(R) 

IF  (J. EQ.J2.ANO.H2.lt. HI. AND. H2.GT.O.OI  AJ^HIKI 
|IF  fJ.EQ.JHIN.AN0>N2.GE.Hll  AJsTX(K) 

IlF  (J«EQ.JMIN.ANO.ARS<H2-HH).LT.1.0E>5)  AJsTXtK) 

IF  (K2.EQ.0t  60  TO  36 
IF  <J.EQ.J2)  OJ^HOO 
IF  U.FQ.JNINI  AJ»TX(KI 
IF  (AJ.EQ.O.O.OR.BJ.EO.0.91  GO  TO  38 
IF  (AJ.EQ.BJ)  GO  TO  37 
EV30S»(AJ-aj)/AL0G<AJ/BJ) 

GO  TO  39 
EV«0S*AJ 
GO  TO  39 
EV«fl.8 

VH(KIbTH(KI*EF 

IF  <JP.EQ.O)  PRINT  439.  J.Xt . (VHtLi .L «1.8 ) .PSI .ALP. BETA. THETA. SR 
IF  (J.EQ.J2.AN0.H2.GE.H1I  GO  TO  49 
IF  (J.EQ.JNIN.AN0.K2.EQ.1)  GO  TO  43 
IF  IJ.NE.ll  RN«REF7EH(9.J>i) 

IF  U.EQ.J2«11  RN=REF/TX2 

IF  (J.EQ.J2.ANO.K2.EQ.OI  RNsREF/YN2 

IF  CJ.E0.(JHIN»l).RNn.K2.EQ.l)  RNrREF/TX3 

IF  (SALP.GE.RN)  RN»1.0 

SPH1«SALP*RN 

IF  U.EQ.J2.ANO.K2.EQ.O)  GO  TO  41 
CONTINUE 

IF  CHHIN.LE.O)  GO  TO  47 
IF  (LEN.EQ.OI  PRINT  438 
IF  ILEN.EQ.O)  GO  TO  4Y 
IF  ILEN.FQ.lt  PRINT  4.39 
X2»l 
X1*X2 

IF  IABS(Xl>HHIN).LE.8.001t  GO  TO  47 

H«H7IN 

J«JZ*1 


A 

334 

A 

335 

A 

336 

A 

337 

A 

338 

A 

339 

A 

3<*0 

A 

341 

A 

342 

A 

343 

A 

344 

A 

345 

A 

346 

A 

3<»7 

A 

348 

A 

349 

A 

350 

A 

351 

A 

352 

A 

353 

A 

354 

A 

355 

*A 

356 

A 

357 

A 

358 

A 

359 

A 

360 

A 

361 

A 

362 

A 

363 

A 

364 

A 

365 

A 

366 

A 

367 

A 

368 

A 

369 

A 

370 

A 

371 

A 

372 

A 

373 

A 

374» 

A 

375 

A 

376 

A 

377 

A 

378 

A 

379 

A 

380 

A 

381 

A 

382 

A 

383 

A 

384 

A 

385 

A 

386 

A 

387 

A 

388 

A 

389 

A 

390 

A 

391 

A 

392 

A 

393 
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IF  INPF.EQ.n  J»J-l 

A 

394 

B-BCTA 

A 

395 

FH«180.0-ASIN(SPHIt/CA 

A 

396 

TS»SR 

A 

397 

PS»PSI 

A 

398 

CO  42  <*1,1(5 

*A 

399 

42 

EtKI*yHtK» 

A 

400 

GO  TO  75 

A 

401 

4ji 

PETAs2.*BETA-8 

A 

402 

PSl»2,*PSt-PS 

A 

403 

SR«2**SR-TS 

A 

404 

C 

LONG  PATH  TAKEN 

A 

405 

PHI*PH 

A 

406 

00  44  <*1,10 

»A 

407 

44 

VHIK)*2.*FH(Kt>€(Kt 

A 

408 

GO  TO  47 

A 

409 

45 

DO  46  <*1,10 

•A 

•♦iC 

46 

VHtKI*2,(5*WHtK» 

A 

411 

PETA*2.0«BETA 

A 

412 

SR«1,0«SR 

A 

413 

IF  IH2.EQ«H1)  60  TO  47 

A 

414 

PN*TK1/YN1 

A 

415 

SPHI*SINtANGLE*CA* 

A 

416 

IF  tSPHI.LT.RNI  SPHI=SPH1/RN 

A 

417 

GO  TO  19 

A 

418 

47 

CONTINUE 

A 

419 

IF(ANGLE,6T«90.0I  PRINT  406,HH 

A 

4194 

CO  48  K«l,10 

•A 

420 

H(KI«VH(KI 

A 

421 

4B 

CONTINUE 

A 

422 

49 

NRITE  (6,4191 

A 

423 

NRITE(6,421I  (N< 11,1*1,8 1 ,N (10 > 

♦A 

424 

1*1 

A 

425 

L*1 

A 

426 

Itfl«yi/5.0 

A 

427 

IV2»V2/f.7,99 

A 

428 

IV1»5*IV1 

A 

429 

IW2«5*IV2 

A 

430 

IF  (IV1,LT.350I  iyi=350 

A 

431 

IF  (IV2.GT. 50000)  IV2*50000 

A 

4 32 

IF  (0V.LT.5.)  0V*5. 

A 

433 

I0V*CV 

A 

434 

iy*iyi-ioy 

A 

435 

ICOUNTsO 

A 

436 

c*«»« 

BE6INING  OF  TRANSNITTANCE  CALCULATIONS 

A 

437 

50 

Tv«iv*inv 

A 

438A 

IF(JP.NE.O)  GO  TO  52 

A 

438B 

IF  (ICOUNT,EQ«OI  GO  TO  51 

A 

439 

IF  (ICnUNT.EQ.SO)  CO  TO  51 

A 

4<*0 

60  TO  52 

A 

441 

51 

ICOtJNT*0 

A 

442 

PRINT  422 

A 

443 

52 

CC  53  K»l,10 

A 

444* 

TX(KI*0.0 

A 

4h5 

IF  (K.LT.4)  TX(K)«1.0 

A 

4**6 

53 

CONTINUE 

A 

447 

ICOtNT«ICOUNT7l 

A 

448 

SUH«0.n 

A 

449 

V*I4 

A 

450 

r»(iy-35oi/5+i 

A 

451 

60 


1 

Table  El,  Listing  of  LOWTRAN  3B  Computer  Code  (Cont. ) 

1 

1 

IF(IV.LT.670I  60  TO  72 

•A  452  ^ 

1 

IFIlV.LE.SOOOt  GO  TO  61 

•A  453 

1 C***' 

MOLECULAR  SCATTERING 

A 454  ^ 

1 

C6«9,607E-20**V**9,0117» 

A 455  1 

4 

TXm«C6*R(6l 

A 456  ' 

1 

SUNbSUM*TX(61 

A 457  1 

IF  (1V.LT.920Q)  60  TO  72 

A 458  1 

1 

IF  tIK.LT,13000)  GO  TO  69 

A 459  ^ 

1 C***' 

UV  070NE 

A 460  1 

1 

IF  (IV.LE.23<iOQ)  60  TO  59 

A 461  i 

1 ^ 

IF  (IV.GE.27560t  GO  TO  55 

A 462 

1 

GO  TO  87 

A 463  ^ 

1 

XX-200.0 

A 464 

Xl3  tV-1 3000.01 /XX«1. 0 

A 465 

I * 

Ll»l 

A 466 

L2*53 

A 467 

1 

GO  TO  56 

A 468 

f 

XX>SOQ.O 

A 469 

\ 

Xla!V-27500.0)/XX+57.0 

A 470 

f 

Ll*!7 

A 471  j 

i 

L2al02 

A 472  1 

1 56 

00  57  N«L1.L2 

A 473  1 

XD*XI-FLOATCNI 

A 474  1 

f 

IF  1X01  59«58«57 

k 475  1 

■ 57 

CONTINUE 

A 476  1 

56 

TXmaM(61*C8(N) 

A 477  1 

i 

60  10  60 

A 476  Ij 

55 

TX<81«C61H)+X0*CC8«N) -CO(N-ll) 

A 479  1 

[ 

TX181aMI6l*TXt8l 

A 480  1 

f 60 

Sl'M«SUNTTX(8> 

A 481  1 

lF(tV«GT«19500lGO  TO  67 

A 482*  1 

\ •* 

60  TO  69 

A 483  \ 

! C*** 

»*•••  WATER  TAPOR  CONTINUUM  10  MICRON  REGION 

•A  484  i 

1 

IFIIV.GT, 13501  60  TO  62 

•A  485  'i 

1 

TXl  !)»U.l8*5578.0*EX1»l-7.6rE-3*W)>*N  (51 

*A  486  3 

\ 

GO  TO  66 

•A  487  i 

; 62 

IFCIV.lt. 23501  GO  TO  68 

•A  488  \ 

1 c*** 

»»••*  HATER  VAPOR  CONTINUUM  4 MICRON  REGION 

•A  489  i 

t 

XIa(V-2350. 0)750.0*1.0 

•A  490  i 

NH>XI*1.001 

•A  491 

\ 

XHaXI-FL0AT(NH1 

♦A  492 

TX(51=C5(NH) 

•A  493 

6(» 

TX<51sTX(51*XH*(C5(NH1-C5(NH-111 

♦ A 496 

« 65 

TX(5)»TX(51*M(10) 

*A  497 

66 

SUM*SUM*TX(5) 

*A  498 

IF(1V.LE.1350.0R.IV.GT. 27401  GO  TO  72 

*A  499 

; c*** 

*****  NITROGEN  CONTINUUM 

A 500 

68 

TF  ( IV. LT. 20801  GO  TO  72 

A 501 

K4aI-346 

A 502 

1 

TX(41aC4(K4)*M(41 

A 503 

SUM*SUM*TX(4) 

A 504 

GO  TO  72 

A 505 

c*** 

*****  MATER  VAPOUR 

A 506 

69 

TF  (IV.LT.12800.ANO.lv. GE.98751  GO  TO  70 

A 507 

IF  (IV.LE.14520. ANO.IV.6E.134001  GO  TO  71 

A 508 

\ 

GO  10  76 

A 509 

▼0 

T«I-135 

A 510 

' 

GO  10  72 

A 511 

71 

l«I-255 

A 512 

s 7Z 

Xl«l 

A 513 

i 


f 
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Table  El.  Listing  of  LOV^TRAN  SB  Computer  Code  (Cont. ) 

IF  IM(l),LT.t.0E-2f»  GO  TO  76  A S14 

NSl>AL0G10OMin>Cim  A SIS 

IF  INS1.LT.-2.3A68I  GO  TO  76  A 516 

IF  (MS1«GT*3*5682)  60  TO  75  A 517 

IF  IMSl«6T.2*0t  Kl«40  A 516 

00  73  K*K1»67  A 519 

IF  tMSl*i.E.FHIK)l  GO  TO  74  A 520 

73  CONTINUE  A 521 

74  TX(l}>TR(K)«fTR(K-lt>TN(Kn«(FH<K)-NSlt/(FN{KI'FN(K-in  A 522 

60  TO  76  A 523 

75  Txm>0.Q  A 524 

76  CONTINUE  A 525 

UNIFORHLV  MIXED  GASES  A 526 

IF  (IV.LT.8060.ANO.IV.GE.500}  60  TO  77  A 527 

IF  (IV.LT.13190. ANa*IV.GT.12970i  60  TO  78  A 528 

GO  10  8?  A 529 

77  J»I-3B  A 530 

60  TO  A 531 

78  J«ilV-i'cr?8)/5*1516  A 532 

79  fr«Ni2}.LT.1.0E-20l  60  TO  83  A 533* 

Kl»i  A 534 

WS2«ALOG10(N(2II *C2IJt  A 535 

IF  (MS2.I.T«<‘2.3468I  GO  TO  83  A 536 

IF  (NS2.GT. 3.56821  60  TO  82  A 537 

IF  IMS2.GT.2.0)  Xls40  A 538 

00  80  K«K1«67  A 539 

IF  (MS2«(.E.FM(KU  GO  TO  81  A 54C 

80  CONTINUE  A 541 

81  TXi21»TR(K)  ♦tTRtK-l>-TRtKI»*<FM»KI-MS2)/IFNCK>-F««-l»»  A 542 

GO  TO  83  A 543 

82  TX(2»a(l.O  A 544 

83  CONTINUE  A 545  ' 

C********  OZONE  A 546 

IF  *lV.tT.575. OR. If.GT. 32701  GO  TO  87  A 546* 

L*I-45  A 547 

Kl»l  A 54# 

IF  <Nn).LT.1.0E«20)  GO  TO  87  A 549 

NS3«ALOG10(H(3n*CTfLI  A 550 

IF  fNS3.LT. -1.67781  GO  TO  87  A 551 

IF  fWSI.GT. 3.9345)  GO  TO  86  A 552 

IF  fNS3.6T.1.5)  Kl*36  A 553 

00  84  tC«Kl»67  A 554 

IF  fNS3.LE.F0(K))  GO  TO  85  A 555 

84  CONTINUE  A 556- 

85  TXf3»aTRf1C)-fTRfK)-TRIK-H)*<F0(K»-NS3)/IF0fK)-F0iK-l)l  A 558 

GO  TO  87  A 559 

86  TXt31>C.O  A 560 

87  CONTINUE  A 561 

C********  AERCSOL  EXTINCTION  A 562 

ALA1«1.8E*4/V  A 563A 

XXaQ.O  A 5638 

VYaQ.O  A 563C 

C********  temporary  fog  CORRECTION  FOR  VIS  BEUON  2 KM.  A 5630 

IF(VIS.GT.O.O.ANO.VIS.LT.2.0)  XX*3.91/VIS  A 563E 

IFfIHAZE.EQ.O.OR.XX.GT.0.0)  GO  TO  90  A 564* 

CO  88  Ns1,44  a 565* 

XO«ALAM-VX(N)  A 566* 

IF(X0)89.88.88  A 567* 

86  CONTINUE  A 568A 

89  XX«IC7fN)-C7fN-l))*X0/(VXfN»-VXfN-in*C7IN)  A 5688 
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Table  El.  Listing  of  LOWTRAN  3B  Computer  Code  (Cont. ) 

YYB|C7A(NI-C7A(N-ltl*X0/IVXtNI-VX(N-in^C7AlNI  A 966C 

90  TXI10I«YY*»M7»  A 56«D 

TXf7|«XX*Mt7>  A 569* 

SUH«SUN«TX(7I  A 57C 

TX(«I«SUH  A 571 

00  9A  K»A,10  A 572* 

IF  (TX(K).EQ«0.0)  60  TO  92  A 573 

IF  ITXtKl.LE.O.ll  60  TO  91  A 57<* 

IF  (TXtKUGT.aa.)  60  TO  93  A 575 

TXtK)>EXP(>TXtKn  A 576 

CO  TO  9A  A 577 

91  TX(KI«1.0-TX<KI*0.5*TXfKI*TXIK>  A 578 

CO  TO  A 579 

92  TXtKtsl.O  A 580 

GO  TO  9A  A 581 

93  TXtKtaO.  A 582 

9A  CONTINUE  A 583 

TXIlQ)*^«0-TXflG)  A 583» 

TX<9l»TXa>*TXt2)»TX(3»*TXt9>  A 589 

IF  (IV.GE.13Q0Q)  TX(3)«TX(8I  A 585 

IFtJP.EQ.3ITXI9»=TX<7»  A 586A 

APsl.>TX(9)  A 586B 

IF(IV.EQ.IVl€,OR.IV«EQ.IV2)  AB<0.5«AB  A 586C 

SUHAsSUMA8A9»DV  a 5860 

IFtJP.EO.OI  MRITE(6,923)  IV. ALAN* TX t9 1 » (TX (Kl .K«l,7> tTX llO I * SUN A A 587* 

IF  (IV.GC.IVai  60  TO  95  A 588 

CO  TO  *!0  A 589 

95  PEAC  900.  IXY  A 590 

AB«1.0-SUHA/FLOAT<rV2>IVl)  A 591A 

PPIKT  929,  IV1.IV2«SUHA,A8  A 5916 

FPIKT  900, IXY  A 591C 

IF(IXY.CQ.O)  GO  TO  100  A 5910 

GO  TO  (95,2,97.98. 1001, IXY  A 591E 

95  REAC  906.  Vl.V2.OV  A 592 

»VNslOOOO«/yl  A 593 

ALAt«in000.7V2  A 599 

PRINT  918,  V1,V2,0«,ALAM.AVH  A 595 

SUNfsO.O  A 596* 

CO  TO  99  A 597 

97  IF  (MODEL. EQ.O)  GO  TO  200  A 598A 

GO  TO  300  A 598B 

98  READ  900.HOOEL.IHAIE.ITYPE.LEN.JP,IN,N1,M2,H3,ML.RO  A 5980 

PRINT  900. HQOEL.IHAZE.1TYPE.LEN.jp. IN. Ml. HZ, N3.ML.RO  A 5980 

CO  TO  ?fl0  A 598E 

100  STOP  A 599* 

900  FORMT(10I3,F10.3)  A 600* 

901  FORMAT  (8E10.3I  A 601 

902  FCRCAT  (F6, 1,2 (ElO. 3. F6. 1.2E10.3) > A 602 

903  FORMAT  (9(F6.3.2F7,9I ) A 603 

909  FORMAT  (15F5.2)  A 609 

905  FORMAT  (8E9.2T  A 605 

906  FORtAT  (7F10.3)  A 606 

90Y  FORMAT  (//10X.28H  HORIZONTAL  PATH.  ALTITUDE  »,F7,3,11H  KH, RANGE  «,  A 607 

1F7.3.3H  KH)  A 658 

908  FORMAT  (//lOX.SOH  SLANT  PATH  BETMEEN  ALTITUDES  HI  AND  H2  MHERE  HI  A 609 

1*.F7,3.8H  KM  H2  3.F7,3,18H  KM. ZENITH  ANGLE  «.F7.3.8N  DEGREES)  A 610 

909  FORMAT  (/710X.39H  SLANT  PATH  TO  SPACE  FROM  ALTITUDE  HI  >.F7.3,19H  A 611 

IKM,  7ENITH  ANGLE  *,Fr,3,0H  DEGREES)  A 612 

910  FORMAT  (/20X.18H  NOOEL  ATMOSPHERE  .Il.llH  * TROPICAL)  A 613 

911  FORMAT  (/ZOX.IBH  MODEL  ATMOSPHERE  ,It.21H  = MIOLATITUOE  SUMMER)  A 619 
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Table  El.  Listing  of  LOWTRAN  3B  Computer  Code  (Cont, ) 


FORFAT  (/20X.1SH  MODEL  ATMOSPHERE  « MIOLATITUOE  MINTERI 

FORMAT  (/2«X,t8H  MODEL  ATMOSPHERE  tlltZlH  * SUB>ARCTIC  SUMMER  ) 

FORMAT  (/20X«18H  MODEL  ATMOSPHERE  *I1«21H  < 1962  US  STANDARD  ) 

FORMAT  </20X,lSH  MODEL  ATMOSPHERE  tIi*21H  « SUB-ARCTIC  WINTER  I 

FORMAT  (/20X,18H  HAZE  MODEL  .Il.SH  s ,AS,13H  VISUAL  RANGEI 

FORMAT  «/25X*HAZE  MODEL  »*tFS,l,*  KM  VISUAL  RANGE  AT  SEA  LEVEL*) 
FORIAT  (/10X.21H  FREQUENCY  RANGE  Via  ,FZ.1.13H  CH-1  TQ  V2«  tPZ.lti 
lAH  CM-1  FOR  OV  «fF6.1,9H  CM-1  (*F6.2i«  - *.F5.2.*  MICRONS  )•) 
FORMAT  mOX,38H  UALENTVENT  SEA  LEVEL  ABSORBER  AMOUNTS//21XilJHMAT 
lER  VAPOUR  C02  ETC*  OZONE  NITROGEN  ICONT)  H20  (CONT) 

2 MOL  SCAT  AEROSOL  0Z0NE(U-V)/2<iX,7HGM  CM-2*10Xt2HKM,l 

30X«6MAtm  CM,10X,2HRM*9X,7HGM  CM-2 *10X *2HKM,13X ,2HKM,iO XtGHATM  CM) 
FORMAT  (1M1,///10X,*  VERTICAL  PROFILES  •,64X»*PSI*,6X,*PHI*,6X,* 
lRtTI*,fcX,*THETA  RANGE*) 

FORMAT(/iOX,6H  M(l-6)a  8E(14.3)/7<»X«E1L.3/) 

'format  (1H1,/10X,32H  FREQ  WAVELENGTH  TOTAL  H20«9X4HC02*«5Xt6 
iAHOZONE  UZ  CONT  M20  CONT  HOL  SCAT  AEROSOL  AEROSOL  INTEGRATED 
2 /11X«14H  CM-l  MICRONS. 8(4X5HTRANS)t4X,20H  ABS  ABSORPTION  ) 
FORMAT  I10X.I6.10F9.4.F12.2) 

FORMAT  (*  INTEGRATED  ABSORPTION  Ff;iM*,Xv,*  TO*. IS,*  CM-1  a*.F10.2, 
I*. AVERAGE  TRANSMITTANCE  =^.F6.4) 

FORMAT  (10X,7F1I).3) 

FORMAT  (/20X,*AEROSOL  SCATTERING  NOT  COMPUTED, IHA Z£aO * ) 

FORMAT  (1H1,///10X,20H  dRIZONTAL  PROFILES/) 

FORMAT  (lOX,*  Hl=*,F7.3,*KM.H2**,F7.3,*KM.ANGLEa*.F8.4,*GE0H,  RANG 
IE  »*,F7.?,*KM,8ETAa*,F8.5.*,VISa*,F6.1) 
FORMAT(3F10.3.2FS*1x2£10.3,2F10,3) 

FORMAT(10X.*INPUT  METEOROLOGICAL  DATA l*/lCX,*Za*. F7.2,*  KM.  Ps*,F7 
I.2.*  M6.T**,F5,1,*  C,  OEM  PT.TEMP*,F5.1,*  C,  REL  HUMIOITY«*,F3. 1, 
2*  X.  H20  0ENSITY«**1PE9.2.*  GM  M-3*/10X,*  OZONE  OENSITTs* ,E9, 2, • G 
3M-3.  VISUAL  RANGES*. 0PF6.1.*  KM,RANGE«*.F10. 3.*  KM  * ) 

F0RMAT(4(F6.2,2F7.9)) 

FORMAT  (*  STARTING  PARAMETERS  HI  AND  ANGLE  HAVE  BEEN  REDEFIKEOtHl* 
1 *,F10.3,*ANGLE  a**FlC.6) 

format  (*  TRAJECTORY  MISSES  EARTHS  ATMOSPHERE,  CLOSEST  DISTANCE  OF 
1 APPROACH  IS*,F10.?.1X./,1X,*ENO  OF  CALCULATION*) 

FORMAT  (10X,I4,F6.L,ll(ei0, 3)) 

FORMAT  ( 15 ,F7. 1 , 8E10 • 3. 4F9, 4 .FT, 1 ) 

FORMAT  (*  HMIN  s *,F10,3) 

FORMAT  (*  PATH  INTERSECTS  EARTH  - PATH  CHANGED  TO  TYPE  2 WITH  H2  * 
1 0.0  KM*) 

FORMAT  (*  CHOICE  OF  TWO  PATHS  FOR  THIS  CASE  -SHORTEST  PATH  TAKEN. 

1 FOR  LONGER  PATH  SET  LEN*i.*) 

FORMAT  (*  CHOICE  OF  TWO  PATHS  FOR  THIS  CASE  -LONGEST  PATH  TAKEN, 

1 FOR  SHORT  PATH  SET  LEN  * 8 *) 

FORMAT  (*  K2  NAS  SET  LESS  THAN  HMIN  AND  HAS  BEEN  RESET  EQUAL  TO 
1 HMIN  I,£.  H2  a *,F1Q,3) 

FCRMAT(*  MODEL  ATMOSPHERE  NO,  7*./  4X,*Z  IKM)*,3X,*P  (MB)*,4X, 

1 *T  (C)  DEW  PT  V.RH  H20(GM,M-3)  03(GM,M-3)  NO.  OEN,*) 

FORMATt*  FOG  CONDITIONS  MAY  EXIST  AT  SEA  LEVEL  FOR  THIS  VISUAL  RA 
INGE*,/.*  IF  SO  THEN  ASSUME  THE  TRANSMITTANCE  DUE  TO  FOG  IS  GIVEN 
2PY  THE  transmittance  AT  0,55  MICRONS*) 

END 


A 

615 

A 

616 

A 

617 

A 

618 

A 

619 

A 

620 

A 

621 

A 

622 

A 

623 

A 

624 

A 

625 

A 

626 

A 

627 

A 

628 

*A 

629 

A 

630* 

A 

631* 

A 

632* 

A 

633* 

A 

634A 

A 

634B 

A 

635 

A 

636 

A 

637 

A 

636 

A 

639 

A 

640* 

A 

641* 

A 

542* 

A 

643* 

A 

644* 

A 

645* 

A 

646 

A 

647 

A 

64S 

A 

6-9 

A 

650 

A 

651 

A 

652 

A 

653 

A 

654 

A 

655 

A 

656 

A 

657 

A 

658 

A 

659 

A 

66C 

A 

661* 

A 

662* 

A 

663* 

A 

644* 

A 

665* 

A 

666* 
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Table  El.  Listing  of  LOWTRAN  3B  Computer  Code  (Cent. ) 


SUBROUTINE  POINT  IKtYNtN«NP«TXt'.P)  8 

CONNON  2134)  •Pf7«3^l«T(7*3t»)*EHaO*3^)*MH(7t3i»l  «H,NLtR£fCHtCO«PI  8 
DINENSION  TXfiOl  8 

B 

SUBROUTINE  POINT  COMPUTES  THE  MEAN  REFRATIVE  INDEX  ABOVE  AND  8EL0M  8 
A GIVEN  ALTITUDE  AND  INTERPOLATES  EXPONENTIALLY  TO  DETERMINE  THE  8 
EQUIVALENT  ABSORBER  AMOUNTS  AT  THAT  ALTITUDE.  8 

8 

8 

X IS  THE  HEIGHT  IN  QUESTION  8 

TXtBI  AND  YN  ARE  THE  MEAN  REFRACTIVE  INDICES  ABOVE  AND  BELOM  X 8 

N IS  THE  LEVEL  INTEGER  CORRESPONDING  TO  X OR  THE  LEVEL  BELOM  X 8 

NP  >1  IF  X COINCIDES  MITH  MODEL  ATMOSPHERE  LEVEL  .IF  NOT  NP  « 0 8 

TX<l-8)  ARE  ABSORBER  AMOUNTS  PER  XH  AT  HEIGHT  X 8 

N«NL  8 

NP«n  8 

IFIX.lt. O.Ot  X«Z(1)  8 

IF  (X.GT.ZiNLlI  GO  TO  <»  8 

00  1 I>1,NL  8 

N>I  8 

IF  (X-Z(TI)  Z.4.1  8 

continue  b 

jz«K  a 

N>N-1  8 

FAC«(X-Z(NI}/(Z(JZI-ZfN)l  8 

PX1»P(H.NI*IP<M,J2»/PIM,NII«*FAC  8 

TX1»T(M,N»*<T<M,J2I/T«M,NH**FAC  8 

MXl«NHINtN)«(MH(N,J2t/MH(M«Nn*»FAC  8 

TXI3»aC0*PXl/TXl-4.56E-B*MXt*TXl*CM  8 

TX(2l«CO*P(M,J2l/T«N. J2I>4,S6E-6»NHIM«J2)»T(M,J2)»CM  8 

TXtn»C0*P(M,N»/TtM.N»-4.56E-6*MHIM.N»*T(M,N»*CM  8 

TXt«l»0.5E-6*CTXI2l»TXC3ll  8 

YN»t.5E-6*tTXill*TX(3»l  8 

IF  (IP.EQ.QT  GO  TO  9 8 

00  3 K»l.lO  *8 

IF<K.EQ.9I  GO  TO  3 *8 

TXtKTaO.O  »a 

IF  <EH(K.NI.EQ«C.Ot  GO  TO  3 B 

IF  (EH(K.N).GT.IOOO.OI  GO  TO  3 8 

TX(K)«EH(K,N}«<EH(K.j2l/EH(K*Nn*»FAC  8 

CONTINUE  8 

GO  TO  9 8 

NPal  8 

IF  fIP.EQ.Ot  GO  TO  6 8 

00  ! K«1,10  *8 

TX(X)aEH(K.N)  a 

TX<9)>EH(9.NI«1.  8 

YN>e.O  8 

c***»*  CAROS  8 24  AND  58  THROUGH  59  ARE  NO  LONGER  REQUIRED  8 

IF  (N.GT.l)  YN«EH(9.N-1I«1.0  8 

9 CONTINUE  8 

IF  (IP.EO.l)  PRINT  400.  X.N.NP.TX (91  « YN.IP, (TX t Kl , K«1 , 8)  8 

TX(e)»TXI9l*l.  8 

YN»YN*1.  8 

RETURN  8 

C B 

408  FORMAT  (/,•  FROM  POINTI  HEIGHT»*.F18. 4.*  KM.N** il 3,*,NP«* , 12.* » RtF  8 
1.  INDEX  ABOVE  t BELOM  X«*,2E11.4, *. IP«* ,13 ./,12X,*EQUIV.  ABSORBER  8 


1 

2» 

3 

4 

5 

6 
7 
S 
9 

10 

11 

IZ 

13 

14 

15 
16» 
17* 
18 
19A 
198 
20 
21 
22 
23- 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 
37A 
378 
37C 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 
48» 

49 
60 
bl 
62 

63 

64 

65 

66 
67 


1 


i 


1 


1 


65 


or>r>or>ooooor> 


Table  El.  Listing  of  LOWTRAN  3B  Computer  Code  (Cont. ) 

ZAHOINT^  PER  KH  AT  R>««8Eiq.3l  B 6S 

END  a 69 


SUBFOUTINE  ANGL  (Hl«H2,ANGLE«Bl«t.EN.HL»  C 1« 

COMMON  Z(36)«P(7.3M«T(7«34}«EH(10»36>*MH(7*34)  »H,NL«REtCM»COtPI  C 2« 

DIMEMSIOM  TXtlO)  C 3 

«»««•««»«»»»«»•«•«««••«*«••«•«•»«»«*•«••*•»•»»»»»•»•»»»»•***«•»*««  C 4 

C 5 

THl!  SUBROUTINE  CAtCULATES  THE  INITIAL  ZENITH  ANGLE  (ANGLE)  C 6 

TAKING  INTO  ACCOUNT  REFRACTION  EFFECTS  GIVEN  Hl,H2,  AND  BETA  C 7 

INHERE  BETA  IS  THE  EARTH  CENTRE  ANGLE  SUBTENDED  BY  HI  AND  H2  ) « C 6 

ASSIHING  the  refractive  INDEX  TO  BE  CONSTANT  IN  A GIVEN  LAYER.  C 9 

FOR  GREATER  ACCURACY  INCREASE  THE  NUMBER  OF  LEVELS  IN  THE  MODEL  C 10 

ATMOSPHERE.  C 11 

C 12 

THI!  SUBROUTINE  CAN  BE  REMOVED  FROM  THE  PROGRAM  IF  NOT  REQUIRED.  C 13 

««««»«•»»«•««*«»•••»•««»«»««««««•»»••«•»«••••«•»«»**»«•«•»•»»*•»•»«  C 14 

ir«99  c 15 

CAxiPl/180.  C 16 

X1»RE*H1  C 17 

X2aRE«H2  C 16 

LEN*0.  C 19 

TT*6  C 2" 

B1«01*CA  C 21 

IF(fl.EO.O.O)  BlaACOS(X2/Xl)  C 213 

TAN(»X?*StNIBl)/(X2*C0SIBl)-Xl)  C 22 

THET»ATAN(TANG)  C 23 

IF  (THFT.LT.O.ni  THET-THET+PI  C 24 

SPHI«SINITHET)  C 25 

ANG»THET/CA  C 26 

C PRINT  404,  Bl,ANG,TANr-  C 27 

TN-THET  C 28 

TMaIN-0.5*CA  C 29 

1 ANGLE»THET  C 30 

FPTsO.  C 31 

BETAaO.  C 32 

BETlsQ  C 33 

PETZaO  C 34 

FPTJaO  C 35 

FBTlafl  C 36 

FBTJaO.O  C 37 

IF(El.LE.O.O)  GO  TD  2 C 37* 

C PRINT  400,  IT  C 38 

Ya2,*THET  C 39 

IF  IY-PI.GT.l.OE-61  GO  TO  9 C 40 

IF  (IP.FQ.lOO)  GO  TO  6 C 41 

XMINaX2*COSIBl)-RE  C 42 

IF  (XHIN-Hl)  8,4,4  C 43 

2 HMINaHZ  C 44A 

H2a|-1  C 44B 

HlaHHIN  C 44C 

7 ANGlEan,5*PI  C 440 

THETaANGLE  C 45 

SPHIal.O  C 46 

ANG*ANGLE7CA  C 47 
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Tab'.e  El.  Listing  of  LOWTRAN  3B  Computer  Code  (Cont. ) 

C PPIKT 

% TP>100 

C«U  POINT  (HltVN«N,NP*TX«IP) 

J1»N 

TXl»TXt9) 

9 CALL  POINT  tH2«YN«N»NP*TX«IPt 

IP  INP.EiK  l)  N«N-1 
J2*N 

IF  IJ1.EQ.J2I  TX1«TXI*TN-EH<9,J1> 

6 00  7 JsJltJE 

Xl*RE+7f Jl 
X2«RE>7tJ*n 
IF  tJ.EQ.Jl)  X1«RE«H1 
IF  (J.EQ.J2)  X2>RE*H2 
SALP»X1*SPHI/X2 
ALP>ASIN<SALPI 
RN«EH(9«J«l)/EH<9tJ) 

IF  t(J4-lt.EQ.J2l  RN«VN/EH(9*J) 

IF  (J.FQ.Jl)  RN*EHI9t J«1)7TX1 

IF  ((J^1),EQ«J2. AN0,J.EQ.J1)  RN>YN/TX1 

BET»THFT-ALP 

FR»-TANIALP) 

IF  (J.NE.Jl)  FB»FB*TAN(THET» 

FBT«F0T*F9 

PETA«B?TA»BET 

THliTH'fT/CA 

0E*eET/CA 

C»ALP/CA 

0 PRIM  Una,  J«2(J),TMET,ALP«3ET,3ETA,FBT«F8tTHl,aE»C 
IF  tXR.EQ.RE^HZ)  C«PI-ALP 
IF  (SALP.GE.RN)  RN*1, 

SPHI«SALP/RN 
THEI=AEIN(SPHH 
•»  CONHNUF 

IFtei,LE,0,0»  GO  TO  29 
GO  TO  26 
F CONTINUE 

TANGs-TANG 
ANGIE=«*I-ANGLE 
TN»ANGLE 
• ANG»ANPLE/CA 

C PRI6T  904,  B1,ANG,TANG 

IF  IHl.LC.O.OT  GO  TO  3 
9 CONTINUE 

IP«101 

CALL  POINT  (H1,YN,N,NP1,TX,IP) 

TXl«TXt9I 

YN1»YN 

IF  (NPl.EQ.l)  N«N-l 
J2>tL 

IF  IH.EO.n  J2>:NL 
J1«N 

IF  (H2,GE.H1)  GO  TO  13 
CALL  POINT  (H2,YN,N,NP,TX,IP) 

TX2*TX(9» 

YN2»YN 

J2«K 


C 40 

C 49 
C SO 
C 51 
C S2 
C 53 
C 54 
C 55 
C 56 
C 57 

c se 

C 59 
C 60 
C 61 
C 62 
C 63 
C o4 
C 65 
C 66 
C 67 
C 66 
C 69 
C 70 
C 71 
C 72 
C 73 
C 74 
C 75 
C 76 
C 77 
C 76 
C 79 
C 60 
C 81 
C 614 
C 62 
C 83 
C 84 
C 65 
C 66 
C 67 
C 66 
C 69 
C 90 
C 91 
C 92 
C 93 
C 94 
C 95 
C 96A 
C 96B 
C 97 
C 98 
C 99 
C 100 
C 101 
C 102 
C 103 
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Table  El.  Listing  of  LOWTRAN  3B  Comtwter  Code  (Cont. ) 

IF  (J1.CQ*J2I  TX2>TNl»Tx(9l-EHt9*Jl) 

J«J-1 

X1»BE+71J^1> 

XE«Rr«7(JI 

IF  U.fQ.Jl)  X1*RE«H1 
IF  U.EQ.J2)  X2«Re»H2 
SALF«*!*SPHI/X2 
HHIMX1»SPHT»RE 

PRINT  e02,  J«X1«7IJI «SPHltS*LP«HHIN*RE 

IF  (SftLP.tE.t.O)  GO  TO  11 

SftLF»SPHl 

IF  (HMIN«GT*H2)  60  TO  18 

•LP«8SIN(SALPI 

THET«ASINtSPHH 

eFT«AL«»-THET 

BET1-BET1+0ET 

FBaTANtALPt 

IF  UtNE.Jl)  F8«FP-TANaH£T» 

FBT1«FBT1*FB 

THl-TMET/CA 

BE>EET/CA 

AL>ALP/CA 

PRINT  A02,  J«X2«THET, ALP«BET1«BET«6NIN,HHIN,FBT1.TH1«3£*AL 

IF  (X2,EQ,RE+H2)  C>PI-ALP 

REF>EH(9.Jt 

IF  (J.EQ.jn  REF«m 

IF  <J.EQ*J2t  REF-TX2 

IF  (J.EO.ll  60  Tsl  12 

RN«EH19tJI/EH(9«J*U 

IF  (J.EQ.Jl)  RN«VN1/EH(9«J-1) 

IFU.EQ.J2+1I  RN«REF/TX2 
IF(J.EQ«J2I  RN«R€F/VN2 
IF  tSALP.6E.RNI  RN-1. 

SPMI«SALP*RN 

IF  t7tJI.LE.H2)  60  TO  12 

GC  TO  10 

X1-X2 

IF  tABSt7tJ)-H2).LT.1.0E«10.ANO.J.NE.l)  GO  TO  13 
GO  TO  1^ 

J«J-1 

Xl»RE*7t J*l) 

IF  tJ.EQ.Jl)  X1*RE«-H1 

IF  tJ.EQ.J2.ANQ. J.HE. Jll  X1>REtH2 

X2>FE»ZtJ) 

HHIMX1*SPHI-RE 
IF  tHMIN.LE.0.0)  GO  TO  2S 


HPIN«X1*SPHI-RE 

IF  tHNTN.LE.0.0)  GO  T)  25 

IF  t7tJ).LT.HNIN)  60  TO  18 

PEF>EHt9tJl 

IF  tJ.EQ.J2)  REF«YTt 

SALF»X1*SPH1/X2 

ALP«ASTNtSALP) 

THET»ASIMtSPHI) 

BET-ALP- THET 

FB«TANtALP)-TANtTHET) 

FBT2»FPT2*FB 

BET2»BET2*BET 

BMIA»BET1*BET2 
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Table  SI.  Listing  of  LOWTRAN  SB  Computer  Code  (Cont. ) 
7H1»TH€T/CA 

C PRIKT  <»02t  J*)(2«THET««LP«aET2tBET»BNXN*HNIN*FBT2»THl«SE«AL 

PNaRCP/EHI9«J*ll 
IF  (SALP.GC.RNt  RN«1.0 
SPHi«SALP*RN 
GC  TC  13 

17  TX3«YNl*TXt9»-EH(9«Jll 
YNltTX3 

IF  unr;<H2--<.U7in.LE.i«o£*5i  yni*tx(9) 

IF  tABS(Hl-Z(J«lt).LE*i«OE>S>  VN1«TX(9) 

RMl.O 
GO  TO  19 

18  CALL  POINT  (HNlN«YN«N«NP«TXtIP) 

TP«102 

TX3iTX<9» 

IF  tJ.FQ.Jl.ANO.HZ.GE.Hl)  GO  TO  17 
IF  IJ.EQ.J1.0R.J*EQ.J2»  TX3«YN24T Xt9) >EHt 9. J) 

IF  (HMIN.GT.H2)  TX3«TX(9) 

IF  (J.EQ.Jl*AN0.HMtN.6T.H2l  60  TO  17 
RN«REF/TX3 

< IF  (SALP.GE.RN)  RN-1. 

SPHI»SALP*RN 

X«X1»SPHI-RE 

niF«ABS(HNIN-X) 

HHIA-X 

IF  (01F-1,OE“5)  19,19»18 

19  X2«XE*HHIN 

C PRINT  i»83«  HHIN«QIF«RN 

THET*ASINtSPHn 
IFtRN.EQ.l.O)  FBT3»TAN(THET) 

IF  (RN.EQ.ll  GO  TO  20 

DNX«(TX3-1«Q)»AL06((TX3>1*0)/(REF>1.B))7(X2-X1) 

FBT3«-TAN<THETl*a.O-1.0/T1.0*TX3/tX2*DNX»l) 

20  BET«0*«*P1-TMET 
BET2»BET2*BET 
BNIN«BET1«BET2 

IF  (H2,GE*H1}  GO  TO  23 
BET»BET1+2,*BET2 
0B1»B1-BET1 
0B2»BET-B1 

21  0B3«ABS<PNIN-B1) 

IFIOB3«GT.OBl.ANO.OB2.GT.OBtl  60  TO  25 
IF(0B2.6T.DB3I  GO  TO  22 
IF(OB2.GT.OBl»  60  TO  25 

BETA-BFT 

FBT»F8Tl*2.0*fFBT2»FBT31 

LEN«1. 

60  TO  26 

22  BETA«BET1»BET2 
FBT«F9T1*FBT2*FBT3 

C PRINT  LOl,  J,BETA,FBT«FBT1«FBT2«FBT3«TX1«YN1 

GO  TO  26 

23  BETA>2.0*tBETleBET2) 

LEN«1. 

FBT-2.0* IF0T1+FBT2*F8T3I 

PRINT  «»01.  J,BETA,F8Tr^BTl,F8T2»F8T3,TXl,YNl 
IF  (H2*EQ«H1»  60  TO  26  ^ 

IP»103 


C 159 
C 180 
C 181 
C 182 
C 183 
C 188 
C 185 
C 188 
C 187 
C 188 
C 169 
C 170 
C 171 
C 172 
C 173 
C 178 
C 175 
C 176 
C 177 
C 178 
C 179 
C 180 
C 181 
C 182 
C 183 
C 188 
C 185 
C 186 
C 187 
C 188 
C 188B 
C 189 
C 190 
C 191 
C 192 
C 193 
C 198 
C 19? 

C 196 
C 197 
C 198 
C 199A 
C 199B 
C 199C 
C 200 
C 201 
C 202 
C 203 
C 208 
C 205 
C 206 
C 207 
C 208 
C 209 
C 210 
C 211 
C 212 
C 213 
C 218 


25 


26 


26 


29 


C 

401 

402 
40  3 

404 

405 
41*6 


Table  El.  Listing  of  LOWTRAN  3B  Computer  Code  (Cont. ) 


IF  (NPt.EQ*lt  JlBJUl 
SPHI>SIN(AN6LE) 

IF  l7IJin>«LE»Hr>  GO  TO  24 
RK-TXl/YNl 

IF  (SPHl.GEtRN)  RN>1. 

SPMI»SPHI/RN 
THET«»SIM<SPHH 
GO  TO  5 

CAU  POINT  (H2,YN»N,NP.TX,IP» 

TXl»TXl*YN-EHf9,Jlt 

PN*TX1/YN1 

J2  * «1 

IF  tSPHI.GE.RN)  RNal. 

SPHl-SPHIXRN 

THET«#SIN<SPMI» 

GO  TO  * 

HETA»BET1 

LENaO. 

FBTaFBTl 

THElaANGLE* (Bl'BETA) / «1. ♦FQT/TANGl 

OPETAa»ETA/CA 

B«P€T1/CA 

TH1»THFT/CA 

PRIKT  404*  BETA«0BETA«F8T«TH1*TANG 
IF  tTHET.GT.TH.OR.THET.LT.TH)  THET*«TN+THI/2* 

TH1»THET/CA 

PRIKT  404*  BETI*B*F0T,TH1 

TN1«TN/CA 

TH1«TH/CA 

PRINT  405*  TN,TM,TN1,TH1 
SPHI«STNtTHET» 

TANC«TAN<THETI 

IT»IT*1 

0BE»AB5C91-BETA) 

DTHaARS  < ANGLE-THETt 

IF  tIT.EQ.lOl  THET»0.5*<ANGLE*THET» 

IF  (IT.EQ.IOI  GO  TO  28 

IF  tOBF.GT.l,OE-T,ANO.OTH,GT.1.0E-7>  GO  TO  I 

ANGLF-THET/CA 

PRIM  406*  ANGLE*IT 

RETIRN 

H1»F2 

ANGLEaC/CA 

PRIKT  406*  ANGLE*IT 

RETURN 

FORFAT  <//•  ITTERATION  NUMBER  **I3*//» 

FORtAT  (I6*E16*7*6F13.8) 

FORMAT  tI4*F10.4*6E13.4*4F10.4/» 

FORMAT  <•  HMIN***F14.6**  0IF»*E14.6»*  PRa»,E16.6) 

FORMAT  t*  TOTAL  BETA  » • ,E14.6,F15*6**.FBT  » •*E14»6t*  THET  »**F10 
1.6.*TANG«»,F10.6) 

FORMAT  (5F12.6) 

FORMAT  t8X*/lH*,*2ENITH  ANGLE  ***F7.3,*  DEGREES  I RECONPUTEO 
I FROM  SUBROUTINE  ARGL  fl ITERATION** 13 *•>• » 

END 


C 215 
C 216 
C 217 
C 216 
C 219 
C 220 
C 221 
C 222 
C 223 
C 224 
C 225 
C 226 
C 227 
C 226 
C 229 
C 230 
C 231 
C 232 
C 233 
C 234 
C 235 
C 236 
C 237 
C 236 
C 239 
C 2>*1 
C 240 
C 242 
C 243 
C 2*4 
C 245 
C 246 
C 247 
C 246 
C 249 
C 250* 
C 251 
C 252 
C 253 
C 254 
C 255A 
C 255B 
C 255C 
C 255D 
C 255E 
C 256 
C 257 
C 256 
C 259 
C 260 
C 261 
C 262 
C 263 
C 264 
C 2o5 
C 266 
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Table  E2.  Listing  of  Data  for  LOWTRAN  3B 

6 ?4 

2.630E*0?  1.24SE4-03  S«374£4-02  2.257£«-02  t.l93E«02  e.992£>Ql  6.  341£«^ai  9.B93£«gi 

6,073E+01  5.822E  + 01  5.6r.9E*(ll  &.320E4^01  5.589E*0l  5.159E+C1  5.052£*01  4.747EVC1 

4.514E+01  4.460E+01  4.317E401  3.636E»01  2.669E*01  1.935E+01  l.456E^0i  l.li4t*0i 

8*fl31E«00  7.434Ei^00  2.239E«00  5.S93E-01  1.551E-01  4.i84E-02  1.C76E-02  £>.553£*09 

1.970E-08-0. 

1.179E40lt  5.034E+03  1.845E+03  6«735E*02  2.454£^02 


0.<1 

1.013e-*03 

300.0 

1.95  Cl 

5.6E-05 

1. 

0135*03 

294.0 

1. 

45  01 

6.Q5-05 

1.0 

9.040E402 

294.0 

1.3E*01 

5.6E-05 

9. 

020E*02 

293.0 

9. 

3E*0i 

6.iiE*'05 

> 2.0 

8.t50f*02 

288.0 

9.7£*00 

5.4E-05 

8. 

020E*02 

285.0 

3. 

95*00 

6.05-05 

3.0 

7.150E+02 

284.3 

4.7E*00 

5.1E-05 

7. 

100E*02 

279.0 

3. 

35*03 

6.25-05 

4.0 

6.330E*02 

277.0 

2.2E*0C 

4.7E-05 

6. 

2805*02 

273. u 

1. 

95*03 

6.45-05 

5.0 

5.«90E*02 

270.0 

1.5E*00 

4.5E-05 

5. 

540E*02 

267.0 

1. 

05*03 

6.65-05 

6.0 

4.9205*02 

264.0 

8.5E-01 

4.3E-05 

4. 

870E*02 

261.0 

6. 

lE-Ul 

6.9f-05 

7.0 

4.3205*02 

257.0 

4.7E-01 

4.1E-05 

4. 

260E*02 

255.0 

3. 

75-01 

7.5( -05 

e.o 

3.780E*02 

250.0 

2.5E-01 

3.9E-05 

3. 

720E*02 

248.0 

2. 

15-01 

7.9  ;-05 

9.0 

3.290^*02 

244.0 

1.2E-01 

3.9E-05 

3f 

240E*02 

242.0 

1. 

2E-01 

6.65-0  5 

10.0 

2.860E*02 

237.0 

5,0E-O2 

3.9E-05 

2. 

81QE*D2 

235.0 

6. 

45-02 

9.C5-05 

11. n 

2.4705*02 

230.0 

1.7E-02 

4.1E-05 

2. 

43CE*02 

229.0 

?. 

25-02 

1.15-04 

lE.Q 

2.130E*02 

224.0 

6.0E-03 

4.3E-05 

2. 

09CE*02 

222.0 

Do 

3 

1.25-04 

13.0 

l.«20E*02 

217.0 

1.6E-03 

4.5E-0  5 

1. 

7905*02 

216.0 

1. 

85-03 

1.55-04 

14.0 

1.5605*02 

210.0 

1, OE-03 

4.5E-05 

1. 

530£*C2 

216.0 

1. 

05-03 

1.85-04 

15.0 

1.3205*02 

204.0 

7.6E-04 

4.7E-05 

1. 

300£*02 

216.3 

7. 

6E-04 

1.95-04 

16.0 

1.1105*02 

197.0 

6.4E-04 

4.7E-05 

1. 

110E*C2 

216.0 

6. 

45-34 

2.15-04 

17.0 

9.370P*01 

195.0 

5.6E-04 

6.9E-05 

9. 

500E*01 

216.0 

5. 

6E-0h 

2.45-04 

18.0 

7.890^*01 

199.0 

5.0E-04 

9.0E-05 

8. 

1205*01 

216.0 

5. 

OE-04 

2.85-04 

19.0 

6.6605*01 

203.0 

4.9E-04 

1.4E-04 

6. 

950E*0l 

217.0 

4. 

9E-04 

3.25-04 

20.0 

5.6505*:! 

207.0 

4.5E-04 

1.9E-04 

5. 

95CE*01 

2.8.0 

4. 

55-04 

3.45-04 

21.0 

4.8005*01 

211.0 

5. lE-04 

2.4E-04 

5, 

10CE*01 

219,0 

5. 

lE-04 

3.65-04 

22.0 

4.C905*Q1 

215.0 

5. IE- 04 

2.8E-04 

4. 

3705*01 

220.0 

5. 

IE-04 

3.65-04 

23.0 

3.500E*01 

217.0 

5.4E-04 

3.2E-04 

3. 

760E*01 

222.0 

5. 

45-04 

3.45-04 

24.0 

3.<!C0E*01 

219.0 

6.0E-04 

3.4E-04 

3. 

22CE*01 

223.0 

6* 

Oc-04 

3.25-04 

25.0 

2.5705*01 

221.0 

6.7E-04 

1.4E-04 

2. 

77CE+01 

224.0 

6* 

75-04 

3.05-04 

30.0 

1.2205*01 

232.0 

3.6E-04 

2.4E-04 

1. 

3205*01 

234.0 

3. 

65-04 

2.U5-04 

35.0 

6.0005*00 

243.0 

l.lE-04 

9.2E-05 

6. 

520E*00 

245.  U 

1. 

1£-04 

9.25-05 

40.0 

3.0505*00 

254.0 

4, 3E-P5 

■♦.lE-OS 

3. 

33"E*0r 

258.0 

4. 

35-0  5 

4.15-05 

45.0 

1.5905*00 

265.0 

1.9E-05 

1.3E-05 

1. 

760E*00 

270.0 

1. 

95-05 

1.35-05 

50.0 

8.640E-01 

270.0 

6. 3E-06 

4.3E-06 

9. 

510E-01 

276.0 

6* 

3E-06 

4.35-06 

70.0 

5.7905-02 

219.0 

l,4E-07 

8.6E-08 

6. 

710E-02 

21n.O 

1. 

4E-07 

8. 65-06 

100.0 

3.  (005-04 

210.0 

1, OE-09 

4.3E-11 

3. 

OOOE-04 

21 P 0 

1. 

OE-09 

4.35-11 

99999. 

r, 000^*00 

'50. 

0. OE-00 

O.OE-OO 

0. 

OOOE  00 

19  •> 

0. 

0£-00 

0.05-00 

0.0 

1.0185*03 

272.2 

3,5E*00 

6.0E-05 

1. 

C1C£*03 

26  /' . ># 

9. 

1£*00 

4.95-05 

1.0 

8.«7  3‘=^*02 

268.7 

2,5E*00 

5.1.E-05 

8. 

9605*02 

282. C 

6. 

0£*03 

5.45-05 

2.0 

7.  !975+02 

265,2 

1. «E*0C 

4.9E-05 

7, 

92  9E*02 

276,0 

4. 

2£*0] 

5.65-05 

3.0 

6.938^*02 

261,7 

1, 2E*0C 

4.9E-05 

7. 

00l'E*02 

271.0 

2. 

7£*00 

5.85-05 

4.0 

6.0815*02 

255.7 

6.6E-01 

4.9E-05 

6, 

1605*02 

266.  C 

1. 

75*00 

6.05-05 

5.0 

5.311E*02 

249.7 

3.8E-01 

5.8E-05 

5. 

41D£*02 

260.0 

4 

05*00 

6.45-05 

6.0 

4.627'‘*02 

243.7 

2.1E-C1 

6.4E-05 

4. 

730E*02 

253.0 

5. 

45-01 

7.15-05 

7.0 

4.0165*02 

237,7 

8.5E-02 

7.7E-05 

4. 

13uE*02 

246.0 

2. 

9E-01 

7,55-05 

8.0 

3.4735*02 

231.7 

3,6E-02 

9.0E-05 

3. 

590E*02 

239.0 

1. 

3E-01 

7.55-05 

9.0 

2.992P^*02 

225.7 

1.6E-02 

1.2E-04 

3. 

10  7E*02 

232.0 

4. 

2£-J2 

1.15-04 

10.0 

2.568E*02 

219.7 

7.5E-03 

1.6E-04 

2. 

677E*02 

225.0 

1. 

55-02 

1.35-04 

11.0 

2.1995*02 

219.2 

6.9E-03 

2.1E-04 

2. 

300E*02 

225.0 

' • 

45-0  3 

1.85-04 

12.0 

1.6825*02 

218,7 

6.0E-03 

2.6£-t<4 

1. 

977E*02 

225.0 

6. 

05-03 

2.15-04 

13.0 

1.6105*02 

218.2 

1. 8E-03 

3.0E-04 

1. 

700E*02 

225.0 

1. 

85-03 

2.65-04 

14.0 

1.378E*02 

217,7 

l.OE-03 

3.2E-94 

1. 

4605*02 

225.0 

1. 

05-03 

2.85-04 

15.0 

1.1785*02 

217.2 

7.6E-04 

3.4E-04 

1. 

250E*02 

225.0 

7. 

6E-U4 

3.25-04 

16.0 

1.0075*02 

216.  . 

6.4E-04 

3.6E-04 

1. 

0B0E*O2 

225.0 

6» 

45-34 

3.45-04 

17.0 

8.610E*01 

216.2 

5.6E-04 

3.9E-04 

9. 

280E»01 

225.0 

5. 

65-04 

3.95-04 

18.0 

7.350P*01 

215,7 

5.0E-04 

4.1E-04 

7, 

980E*01 

225.0 

5. 

OE-04 

4.15-04 

19.0 

6.280^*01 

215,2 

4.9E-04 

4.3E-04 

6. 

8605*01 

225.0 

4. 

95-04 

H. 15-04 
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20.0 

5,370E*01 

219.2 

4.5E-04 

4.5E-04 

5. 

890E401 

225.0 

4. 

21.0 

4.980EA01 

219.2 

5.1E-04 

4.3E-04 

5* 

070E401 

225.0 

5. 

22.0 

3.910P+01 

219.2 

9. IE- 04 

4.3E-04 

4. 

36CE401 

225.0 

s. 

23.0 

3.340E401 

219.2 

5.4E-04 

3.9E-04 

3. 

750E401 

225.0 

5. 

24.9 

2.860E401 

219.2 

6.0E-04 

3.6E-04 

3. 

227E4  01 

226.0 

6« 

29.0 

2.430E401 

219.2 

6.7E-04 

3.4E-04 

2. 

786 £401 

228.0 

30.0 

1.110E401 

217.4 

3.6E-04 

1.9E-04 

1. 

340E401 

235.0 

3. 

39.0 

5.188EA30 

227.8 

l.lE-04 

9.2£-d5 

6. 

61CE40C 

247.  0 

1. 

40.0 

2.930E400 

243.2 

4. 3E-Q6 

4.1E-05 

3. 

400E400 

262.4 

4. 

49.0 

1.  :90E400 

258.9 

1.95-05 

1.3E-05 

1. 

810C400 

274.0 

1. 

90.0 

6.820F-01 

269.7 

6.3E-06 

4.3E-06 

9. 

870E-01 

277.0 

6. 

70.0 

4,6709-02 

230.7 

1.45-07 

8.6E-08 

7. 

070E-02 

216.0 

1. 

100.0 

3.000E-04 

210.2 

l.OE-09 

4.3E-11 

3. 

OOOE-04 

210.0 

1. 

99999. 

fl.COOE^OO 

190. 

O.OE-00 

O.OE-00 

0. 

(lOQE  00 

190.0 

0. 

0.0 

l.tl3E403 

257.1 

1.2E400 

4.1E-09 

1. 

013E403 

286.1 

5. 

1.0 

8.(789402 

259.1 

1.2E400 

4.1E-09 

8. 

986E402 

281.6 

4. 

2.0 

7.775F402 

255.9 

9.4E-01 

4.1E-09 

7. 

950E402 

275.1 

2. 

3.0 

6.798E402 

252.7 

6.8E-01 

4.3E-05 

7. 

012E402 

268.7 

1. 

4.0 

5.9329402 

247.7 

4.1E-01 

4.5E-05 

6* 

166E402 

262.2 

1. 

9.0 

5.158E402 

240.9 

2.0E-01 

4.7E-05 

9. 

409E402 

255.7 

6. 

6.0 

4.467E402 

234.1 

9.8E-02 

4.9E-05 

4. 

722E402 

249.2 

3. 

7.0 

3.853E402 

227.3 

5.4E-02 

7.1E-09 

4. 

111E402 

242.7 

2. 

8.0 

3.308E402 

220.6 

l.lE-02 

9.0E-05 

3. 

565E402 

236.2 

1. 

9.0 

2.829^402 

217.2 

8.4E-03 

1.6C-04 

3. 

080E402 

229.7 

4. 

10.0 

2.418E402 

217,2 

5.9E-03 

2.4E-04 

2. 

690E402 

223.2 

1. 

11.0 

2,t67E402 

217,2 

3.8E-03 

3.2E-04 

2. 

270E402 

21  6.8 

8. 

12.0 

1.766E402 

217.2 

2.6E-03 

4.3E-04 

1. 

94CE402 

216.6 

3. 

13.0 

1.910E402 

217.6 

1.8E-03 

4.7E-04 

1. 

698E402 

216,6 

1. 

14.0 

1,  1915402 

217.2 

l.OE-03 

4.9E-04 

1. 

417E402 

216.6 

19.0 

1.103^402 

217,2 

7.6E-04 

9.6E-04 

1. 

211E402 

216,6 

7, 

16.0 

9.431E401 

216.6 

6.4E-04 

6.2E-04 

1* 

039E402 

216.6 

17.0 

8.059E401 

216.0 

5.6E-04 

6.2E-04 

8. 

850E401 

216.6 

5. 

18*0 

6.6825401 

215.4 

9.CE-04 

6.2E-04 

7. 

569E401 

216.6 

4. 

19.0 

5.6755401 

214.6 

4.9E-04 

6.0E-04 

s« 

467E401 

21C.6 

4. 

20.0 

9.614*-40i 

214.1 

4,5E-C4 

5.6E-04 

5. 

529E401 

216.6 

4. 

21.0 

4.277E401 

213.6 

5.1E-04 

9.1E-04 

4. 

729E401 

217.6 

4* 

22i0 

3,6475401 

213.0 

9.  lE-04 

4.7E-04 

4. 

047E401 

218.6 

5. 

23.0 

3.109E401 

212.4 

9.4E-Q4 

4.3E-04 

3. 

467E401 

219.6 

5. 

24,0 

2.6495401 

211.8 

e.QE-04 

3.6E-04 

2. 

972E401 

220.6 

6« 

25,0 

2.2565401 

211.2 

6.7E-04 

3.2E-04 

2. 

549E401 

221.6 

6. 

3",0 

1.0205401 

216.0 

3.6E-04 

1.5E-04 

1. 

197E401 

226.5 

3. 

3«.0 

4.7C1E400 

222.2 

l.lE-04 

9.2E-05 

9. 

746E4  00 

236.5 

1. 

40.0 

2.  143E400 

234.7 

4. 3E-05 

4.1E-09 

2. 

871E400 

25  3.4 

6. 

49.0 

1.113«^400 

247,0 

1.9E-06 

1.3E-05 

1. 

491E400 

264.2 

3. 

90.0 

5,7195-01 

259.3 

6.  3E-G6 

4.3E-06 

7. 

97  8E-01 

270.6 

1. 

70.0 

4.C165-02 

245. T 

1.4E-07 

6.6E-08 

5. 

520E-02 

219,7 

1. 

100.0 

3.C00E-04 

210.0 

1.05-09 

4.3E-11 

3. 

038E-04 

210,0 

1. 

99999. 

0.000^400 

190. 

O.OE-flC 

O.OE-00 

0. 

OOOE  00 

190.0 

0. 

.200  . 

38223  .07945  . 

250  .32079 

.03661  . 

300  .28940 

.02110 

• 

lols  .'Orcirt 

:m  :!!!iie 

:m  :SJI§2 

9.80  .0174<» 
11.90  .01499 

19.00  .01368 

20.00  .01427 


:mn 


m 


1.  9?6 


.002? 


1126  9.?y 

.00832  10.00 
.30939  12.90 
.00834  16. 4S 
.00767  22.90 


• 1 90 

. 34184 

:niii 

.01714 
.01369 
. 31384 
.01381 


•Aim 


.694 

1.000 


126 


:nin 


3 

.00984  3.900 
.00321  9.500  ...  . 

:mu  :mU 

.00810  13.59 
.00916  13. OC 
.00696  17.i;0 
.00767  25.00 


01588 

.01339 

.01480 

.01302 


.400 

:oTO2.;: 

.00290  3.79 
.00383  6.00 

.00680  11.00 
.00523  14.00 
.00767  18.90 
.00749  30.00 


5E-0-* 
1£“04 
l£-04 
4£-0t 
0E>04 
7E-0* 
6E-04 
lE-04 
3E-05 
9E-05 
3£>06 
4E-07 
OE-09 
OE-00 
9£*00 
2E«80 
9E«^ao 
OE^-dO 
1E400 
4E-01 
8E*0i 
lE-01 
2E-01 
6E-02 
8E>02 
2E~d3 
7E-C3 
8E-03 
4E-04 
2E-04 
lE-04 
2E-d«* 
4E-04 
4E-0<* 
4E-0^ 
8E-04 
2E-04 
7E-04 
lE-04 
6E-04 
8E-04 
6E-04 
7E-05 
2E-05 
ZE-05 
5E-0  7 
OE-09 
OE-dO 


3.9E-04 

3.6£>04 

3.2E-04 

3.0£>0<* 

2.8E-04 

2.6E-04 

1.4E-04 

9.2E-05 

4.1E-05 

1.3E-05 

4.3E-06 

8.6E-08 

4.3E-11 

O.OE-00 

9.4E-09 

5.4E-05 

9.4E-05 

9.0E-0S 

4.6E-05 

4.6E-09 

4.9E-05 

4.9E-05 

6.2E*05 

7.1E-05 

9.UE-05 

1.3£*0<f 

1.6E-04 

1.7E-04 

1.9E-04 

2.1£*04 

2.4E-U'. 

2.8£>04 

3.2E>04 

3.9E-04 

3.8E-04 

3.SE-04 

3.9E-04 

3.8E-04 

3.6£*04 

3.4E-04 

2.UE-04 

l.lE-04 

4.9E-05 

1.7E-05 

4.0E-06 

d.6E*0a 

4.3E-11 

O.uE'OD 


.22026 

:mn 

AlVrl 

.01914 

.01286 

•A\Ul 


.01317 

:um 

im 

.00970 

.00538 

.00677 

.00761 


0.999>2. 3468-1.6770  0. 998- 2.0 362-1. 3981  0.996-1.6990-1.1192  0.994-1.4815-0.9508 
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f " 

? 

]3. 


0.992 

-1.3279«0.0239 

0.990-1.2007- 

0.7258 

0.900' 

-0.7825- 

0.4318 

0.970-3,5229-0,236.6 

0.960 

-0.3460-0.1074 

0.950-0.1938-0. 

0.940 

-0.0655 

0.0969 

0.930 

3.0414 

0 .1761 

0.920 

0.1553 

0.2304 

0 .910 

0.2430 

0.3010 

9.900 

0.3324 

0.3522 

0.880 

0.4342 

0.4624 

0.060 

0.6120 

0.5563 

0.040 

0.7243 

0.6435 

0 .020 

0.8261 

0.7243 

0.800 

0.9191 

0.7924 

0.700 

1.0000 

0.0573 

0.760 

1.0792 

0.9191 

0.740 

1. 1461 

0.9731 

0.720 

1.2122 

1.0253 

0.700 

1.2672 

1.0719 

0.600 

1.3204 

1.1173 

0.660 

1.3892 

1.1614 

0.640 

1.4409 

1.2095 

0.620 

1.4955 

1.2400 

0.600 

1.5441 

1.2900 

0.500 

1.5966 

1.3263 

0.560 

1.6435 

1.3617 

0.560 

1.6057 

1.3979 

0.520 

1.7340 

1.4393 

0.500 

1.7782 

1.4698 

0.480 

1.0261 

1.4983 

0.460 

1.8692 

1.5314 

0,440 

1.9191 

1.5682 

0.420 

1.9638 

1.6021 

0.400 

2.0086 

1.6335 

0.300 

2.0607 

1.6721 

0.360 

2.1038 

1.7076 

0.340 

2.1461 

1.7482 

0.320 

2.1875 

1.7924 

0.300 

2.2304 

1.8325 

0.200 

2.2700 

1.0865 

0.260 

2.3263 

1.9395 

0.240 

2,3717 

2. 0000 

0.2Z0 

2.4103 

2.0607 

0,200 

2.4698 

2.1206 

0.180 

2.5159 

2.1903 

0.160 

7.5740 

2,2552 

0.140 

2.6204 

2.3385 

0.120 

2.6902 

2.4313 

0.100 

2.7559 

2.5185 

0.0  80 

2. 8261 

2.6435 

0.060 

2.9031 

2.7853 

0.040 

3.0000 

2.9777 

0.030 

3.0607 

3.1072 

0.020 

3.1461 

3. 2553 

0.015 

3.2041 

3.3617 

O.OiO 

3.2718 

3.4771 

0.008 

3.3054 

3.5563 

0.006 

3.3444 

3.6233 

0.004 

3.3979 

3.7076 

0.002 

3.4914 

3.8  325 

0.001 

3.5602 

3.93  45 

3.93 

3. 

72 

3.54 

3 

.42 

3,37 

3,37 

3.36 

3.33 

3.25 

3.13 

3 

.02 

2.96 

2.97 

3.00 

3.08 

350 

3.12 

3. 

08 

3.03 

3 

. 00 

3.01 

3.03 

3.07 

3.05 

3.01 

2.94 

2 

.83 

2.71 

2.62 

2.58 

2,57 

425 

2.62 

2. 

67 

2.72 

2 

.71 

2.60 

2.46 

2.35 

2.26 

2.22 

2.23 

2 

.19 

2.17 

2.17 

2.20 

2.26 

500 

2.34 

2. 

42 

2.39 

2 

.20 

2.01 

1.92 

1.83 

1.70 

1.79 

1.01 

1 

.84 

1.83 

1.80 

1.71 

1.51 

575 

1.39 

1. 

30 

1.25 

1 

.18 

1.19 

1.18 

1*21 

1*33 

1.47 

1.53 

1 

.54 

1.36 

1.12 

0.89 

0.69 

65  0 

0.49 

0. 

60 

0.71 

0 

.79 

0.99 

0.86 

0.73 

0.53 

0.43 

0.51 

0 

.52 

0.67 

0.73 

0.80 

0.83 

725 

0.00 

0. 

63 

0.47 

0 

.32- 

0.08- 

0.21-0.29-0.21- 

0.01 

0.08 

0 

.16 

0.09- 

0.0  3- 

0.21- 

0.37 

80C 

-0.35- 

0. 

30-0 .31- 

n 

.37- 

0 .42- 

0.48-0.42-0.40- 

9.39- 

0.43-0 

.77- 

0.83- 

0.88- 

0.79- 

0.60 

875 

•0  850**08 

42-0,39- 

0 

. 36- 

0,37- 

0.40-0.51-3.67- 

9.82- 

0.58- 

0 

.40- 

0.32- 

0.21- 

0,09- 

0.18 

95  f 

-0,16- 

0. 

19-0.28-0 

. 33- 

0.35- 

0.28-0.22-0.10- 

0.05- 

0.11- 

0 

.13- 

0.27- 

0.27- 

0.18- 

0.06 

1025 

0.11 

0. 

23 

0 .26 

0 

.19 

0.11- 

0.00-0.09 

0.02 

o.no 

0.12 

0 

.22 

0.28 

0.39 

0.54 

0.68 

1100 

0.75 

0. 

79 

0.79 

0 

.71 

0.69 

0.76 

0.88 

1.01 

1.16 

1.19 

1 

*14 

1.05 

1.02 

1,11 

1,  23 

1175 

1.41 

1. 

75 

1.83 

1 

.99 

2.05 

2.03 

2.00 

1*  96 

1.90 

1.86 

1 

.91 

2.08 

2.24 

2.41 

2.63 

1250 

2.68 

2. 

67 

2 .73 

2 

.79 

2 .01 

2.91 

2.93 

3.02 

3.16 

3.23 

3 

.30 

3.34 

3.43 

3.57 

3.59 

1325 

3.59 

3. 

58 

3,57 

3 

. 61 

3,71 

3.71 

3 .69 

3.64 

3. 6 0 

3.68 

3 

.80 

3.95 

4.05 

4.05 

4,  02 

1400 

3.99 

3. 

96 

4,01 

4 

.i3 

4.22 

4.  35 

4.49 

4.50 

4,62 

4,63 

4 

.61 

4.57 

4.56 

4.56 

4.53 

1476 

4.49 

4. 

46 

4.40 

4 

.28 

4.14 

3.92 

3.63 

3.35 

3.16 

3.10 

3 

.24 

3.47 

3.66 

3.80 

3.93 

1550 

4.00 

4. 

04 

4.15 

4 

.23 

4.31 

4.35 

4.31 

4.23 

4.20 

4,24 

4 

.28 

4.35 

4.42 

4,42 

4.44 

162  5 

4.46 

4. 

40 

4.30 

4 

, 22 

4.13 

4.U7 

4.12 

4.19 

4.22 

4.23 

4 

.16 

4.  34 

3.99 

3.94 

3,93 

170C 

3.91 

3. 

86 

3.83 

3 

.80 

3.78 

3.70 

3,54 

3.40 

3.30 

3.31 

3 

.42 

3.52 

3.52 

3.49 

3.41 

1775 

3.21 

3. 

14 

3.10 

3 

.08 

3,11 

2.98 

2.88 

2.78 

2.74 

2.76 

2 

.72 

2,76 

2.82 

2,85 

2.86 

1850 

2.75 

2. 

64 

2 .60 

2 

.61 

2.54 

2.56 

2.49 

2.37 

2.25 

2.14 

2 

.08 

2.11 

2,  20 

2.31 

2.2  9 

1925 

2.15 

2. 

06 

1,98 

2 

. 03 

2.05 

1.96 

1.64 

1.72 

1.64 

1.59 

1 

.57 

1.57 

1.60 

1.63 

1.51 

2000 

1.38 

1. 

07 

0 .91 

0 

.87 

0.92 

1.04 

1.01 

0.92 

3.04 

0.92 

0 

.97 

1.01 

1.06 

1.10 

1.36 

2075 

1.01 

0. 

91 

0 .79 

0 

,55 

0.47 

0*41 

0.39 

0 .38 

0.34 

0.33 

0 

.36 

0. 43 

0.46 

0.45 

0.38 

2150 

0.27 

0. 

21 

0.22 

0 

.29 

0.37 

0.38 

0,37 

0.29 

0,19 

0.13 

0 

.11 

0.03- 

0.05-0.12-0.24 

2225 

-0.31-0. 

39 

-0 .43-0 

,50-0.59-0.68-0,73-0.80- 

0.92- 

1.06- 

1 

.14- 

1.22- 

1.27- 

1.28-1  .33 

2300 

-1.32- 

1. 

43-1 .51-1 

.63-1  .74-1,82 

-1.98-2,09-2.21-2,21- 

2 

.24- 

2.27- 

2.36- 

2.51- 

2.65 

2375 

-2.70- 

2. 

63-2,57-2 

,56- 

2.59- 

2.67-2,09-2,67-2,68-2,6  2-2 

,52-2,42- 

2.29-2,14-2. 00 

2450 

-1.87-1. 

71-1,51-1 

.39-1.27- 

1.12-1,01-0.89- 

0.75- 

0.68-3 

,57-0  .47- 

0.42-0.32-0.27 

2525 

-0.26-0. 

19 

-0  .13-0 

.11-0.01 

0.05 

0.08 

0.17 

0.25 

0.31 

0 

. 41 

0.43 

0.(.4 

n ,43 

0 .36 

26  0 0 

0.35 

0. 

31 

0 .25 

0 

.25 

0.22 

0.21 

0.33 

0.49 

0.65 

0.76 

0 

.71 

0.51 

0.30 

0.13 

3.  10 

2675 

0,17 

0. 

24 

0.31 

0 

.38 

0.45 

0.51 

0.56 

0.60 

0.63 

0.62 

0 

.63 

0.64 

0.66 

0 .69 

0.76 

2750 

0.75 

0. 

74 

0 .70 

0 

.62 

0.53 

0.46 

0.39 

0.38 

0.37 

0.38 

0 

.42 

0.4’ 

3 .50 

0 .58 

0.69 

2825 

0.6^ 

n. 

62 

0 .64 

0 

.68 

0.76 

0.90 

1.11 

1.13 

1.10 

0,97 

0 

.98 

1.17 

1.38 

1.52 

1.70 

2900 

1.76 

1. 

84 

1.92 

1 

.90 

1.87 

1.91 

2.02 

2.13 

2.10 

2.18 

2 

.22 

2.25 

2,03 

2.01 

1.77 

2975 

1.93 

2. 

19 

2.28 

2 

. 14 

2.15 

2.22 

2.01 

2.14 

’.26 

2.36 

2 

,51 

2.66 

2.73 

2.68 

2.69 

3050 

2.64 

2. 

22 

1 .95 

1 

.61 

1.11 

0.88 

0.03 

0.09 

1.20 

1.62 

1 

.82 

1.99 

2.01 

2.14 

2,16 

3125 

2.21 

2. 

30 

2 .33 

2 

.42 

2.50 

2.51 

2,49 

2*46 

2.42 

2,37 

2 

,37 

2.  33 

2.  31 

2.43 

2.  56 

3200 

2.61 

2. 

63 

2.60 

2 

.50 

2.38 

2.41 

2.34 

2.31 

2.32 

2.40 

2 

,27 

2.32 

2.22 

2.09 

2.  (18 

■«27  5 

2.17 

2. 

41 

2 .77 

2 

.68 

2.49 

2.29 

2.23 

2.42 

2.61 

2.53 

2 

.49 

2.40 

2.39 

2.51 

2.60 

335C 

2.68 

2. 

68 

2 .70 

2 

.02 

2.83 

2.82 

2 .01 

2.04 

2.86 

2.91 

2 

.96 

3.03 

3.06 

2.21 

3.  30 

342  5 

3.40 

3. 

52 

3.49 

3 

. 46 

3.51 

3.54 

3.56 

3,55 

3.57 

3.61 

7 

.71 

3.80 

3.92 

3.99 

4.  06 

3500 

4.02 

4. 

06 

4.12 

4 

.28 

4.30 

4.  22 

4.32 

4.42 

4,53 

4.64 

4 

,55 

4.40 

4 ,28 

4.32 

4,3« 

3575 
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Table  E2.  Listing  of  Data  for  LOWTRAN  3B  (Cont. ) 


.24  4 

.13  4.14  4. 

.59  4 

.71  4.79  4. 

.18  4 

.31  4.37  4. 

.40  4 

.34  4.30  4. 

.48  3 

.32  3.18  3. 

.32  2 

.20  2.12  2. 

.61  1 

.60  1.49  1. 

.10  1 

.16  1.20  1. 

.74  0 

.71  0,57  0. 

.32-0 

.36-0. 39-0 . 

.19-1 

.28-1. 31-1. 

.26-1 

.16-1.00-0. 

.17-0 

.19-0.12-0. 

.40-0 

.39-0.37-0. 

.66-0 

.65-0.63-0. 

.74-0 

.79-0.76-0. 

.23-0 

.22-0.28-0. 

.08-0 

.08  0.00  0. 

.71  0 

.75  0.80  0. 

.33  1 

.48  1.78  1. 

.71  2 

.76  2.  78  2. 

.31  3 

.36  3. 46  3 . 

.86  2 

.92  2.92  3. 

.37  3 

.41  3.30  3. 

.42  3 

.19  3.18  3. 

,72  2 

.47  2.51  2. 

.50  1 

.4?  1.32  1. 

.76  0 

,75  0,72  0. 

.33  0 

.32  0.30  0. 

.14  0 

.13  0.06  0. 

.50-0 

.54-0.61-0. 

.33-1 

.36-1.  39-1. 

.92-2 

.00-2.08-2. 

.00-5 

.00-5.00-5. 

.00-5 

.00—5. 00—5. 

. 00-5 

.00-5.00-5. 

.00-5 

.00 -5 . 00-5 . 

.00-5 

.00-5.00-5. 

,33-3 

.01-2.82-2. 

.48-0 

.36-0.28-0. 

.19  1 

.01  0.98  1. 

.54  1 

.41  1.53  1. 

.16  2 

.02  2.  02  2. 

.70  2 

.22  2.39  2. 

.51  2 

.23  2.49  2. 

.79  2 

.74  2.70  2. 

.03  3 

.14  3.28  3. 

.08  3 

.09  3.09  3. 

.11  3 

.13  3.01  3, 

.50  3 

.67  3.59  3. 

.75  2 

.78  2.72  2. 

.52  1 

.48  1.42  1. 

.16  1 

.21  1.20  1. 

.98  0 

.90  0.86  0. 

.31  0 

.20  0.01-0. 

.24-1 

.34-1, 44-1. 

.74-2 

.84-2.94-3. 

.00-5 

.00—5 . 00—5 . 

.00-5 

.00  —5 . 00— 5 . 

.00-5 

.00  —5 . 00—5  . 

%.Z5  4.32  4.35 
4.73  4.61  4.42 
4.50  4.53  4.56 
4.09  3.98  3.67 

2.96  2.67  2.  80 
1.92  1.79  1.63 
1.35  1.64  1.69 

1.22  l.Oe  1.08 
0.43  0.38  0.12 

-0.39-0.45-0.50- 
■1.43-1.48-1.52- 
-0.71-0.61-0.52- 
-0.01  0.00-0.11- 
-0.48-U.7S-l.13- 
-0.66-0.73-0.79- 
-0.62-0.59-0.52- 
-0.50-0.60-0.60- 
0.32  0.43  0.42 
0.85  0.87  0.9(1 
2.01  1.92  1.86 
2.77  3,08  2.94 

3.39  3.50  3.41 

3.22  3.60  3.78 
3.33  3.51  3.48 

3.00  2.99  3.21 
2.42  2.37  2.73 
1.12  1.08  1.02 
0.71  0.70  0.69 
0.30  0.29  0.28 
0.03-0.07-0.11- 
0.76-0.84-0.90- 
1.48-1.50-1.52- 
2.24-2.31-2.40- 

5.00- 5.00-5,00- 

5.00- 5.00-5.00- 

5.00-5.00-5.00- 

5.00-5.00-5.00- 

5. 00  -5  .00  -5  .00  - 
^.49-^.30-^.13- 
0.06  0.08  0.20 

1.19  1.29  1.30 

1.96  1.97  2.02 
2.13  1.90  1.71 
2.30  1.93  2.39 
2.61  2.72  2.52 
2.81  2.72  2.76 
3.11  3.15  3.30 
3.07  3.07  3.31 

3.01  3.18  3.32 
3.66  3.48  3.39 
2.58  2.32  2.22 

1.40  1.41  1.43 

1.20  1.18  1.20 
0.90  0.90  0.86 

-0  ,17-C  .26-0.35- 
-1.64-1.74-1.  84- 
-3.14-3.24-3.34- 
-5.00-5.00-5,00- 
-5,00-5.00-5.00- 
-5.00-5.00-5. 00- 
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Table  E2.  Listing  of  Data  for  Lowtran  3B  (Cont. ) 


•5«00“?*  d0**5« 

00-9.00-5.00-5 

.00-5. 

00-5 

00-5 

00-5.00-5. 00-5. 

03-5 

00-5. 

00-5.00  8150 

-5.00-5,0l*5. 

00-5.00-5.00-5 

.00-5. 

00-5 

Ot-5 

00-5.00-5. 00-5. 

00-5 

00-5. 

00-5. DU  8225 

-A«l«5-A,0t-3. 

97-3,88-3,79-3 

.70-3, 

61-3 

52-3 

43-3,34-3.25-3, 

16-3 

0 7-2. 

98-2.89  8300 

-2.3n-2.Tl-2. 

62-2.53-2.44-2 

.35-2. 

26-2 

10-2 

09-2.00-1.91-1* 

62-1 

73-1. 

64-1.55  8375 

28-1.19-1.10-1 

.01-0. 

92-0 

83-0 

74-0.65-0.56-0. 

47-0 

38-0. 

29-0.20  8450 

-0.14-0,09-0. 

02  0.03  Q.IQ  0 

.17  0. 

22  0 

30  0 

35  0.41  0.45  0. 

42  0 

40  0. 

43  0.46  8525 

0.99  0.9<  0. 

71  0.84  0.93  1 

.01  1. 

06  1 

07  1 

02  1.01  1.12  1. 

23  1 

24  1. 

28  1.34  86C3 

1.43  1.92  1. 

96  1.59  1.56  1 

.51  1. 

61  1 

50  1 

70  1.82  1.92  1. 

94  1 

89  1. 

81  t.45  8675 

1.3R  1.2«  1. 

<^3  1.90  1.49  1 

.55  1. 

40  1 

32  1 

39  1.53  1.82  2, 

23  2 

61  2. 

51  2.20  8750 

1.86  1,61  1. 

10  1.32  1.52  1 

.70  1. 

90  2 

01  1 

92  1.91  2.12  2. 

13  2 

01  2. 

18  1.99  8825 

2.11  2.20  2. 

21  2.13  2.00  1 

.91  1. 

92  1 

97  1 

88  1.91  1.91  1. 

92  1 

93  1. 

74  1.61  8900 

1.98  1.27  1. 

20  1.18  1.11  0 

.99  0. 

86  0 

71  0 

60  0.44  0.31  0. 

19  0 

03-a. 

07-Q.21  8975 

-0.39-0.49-0, 

64-0.79-0.94-1 

.11-1. 

24-1 

41-1 

57-1.73-1.91-2. 

C9-2 

27-2. 

45-2.63  9050 

-2.81-2.99-3. 

18-3,37-3,56-3 

.75-3. 

94-4 

13-4 

31-4.49-4.66-4, 

83-4 

99-5. 

14-5.28  9125 

-9.09-9,0(-9. 

09-5,00-5.00-5 

.00-5, 

0 0-5 

00-4 

60-4.26-3.69-3. 

57-3 

32-3. 

11-2.91  9875 

-2.89-2.7«-2. 

7U-2. 63-2. 47-2 

,29-2. 

20-2 

17-2 

23-2.27-2,32-2. 

12-2 

08-2. 

07-2.07  9950 

-2.07-1.9  i-1. 

77-1,70-1.63-1 

.60-1. 

59-1 

43-1 

21-1.15-1.09-1. 

13-1 

29-1. 

19-0.9810025 

-0.93-0,87-0. 

91-0.88-0. 71-0 

.62-0. 

59-0 

58-0 

63-0.58-3.39-0. 

22-0 

14-0. 

06-0.0110100 

-0.01-0.01-0. 

20-0.16-0.02  0 

.18  0. 

32  0 

42  D 

37  0.23  0.12  0. 

15  0 

29  0. 

43  0.5910175 

0.58  0.93  0. 

44  0.39  0.30  0 

.35  0. 

23  0 

26  0 

19  0.08  O.IC  0. 

18  0 

27  0. 

38  0.4310250 

0,320, 37  0. 

58  0.64  0.67  0 

*98  1. 

00  1 

02  1 

13  1.00  1.08  1, 

16  1 

16  1. 

30  1.4110325 

1.40  1.32  1. 

32  1.37  1,42  1 

.50  1. 

42  1 

38  1 

36  1.38  1.49  1. 

63  1 

62  1. 

62  1.7010400 

1.68  1.60  1. 

56  1,56  1,63  1 

.64  1. 

56  1 

49  1 

h9  1.52  1.58  1. 

62  1 

62  1. 

61  1.6110475 

1.62  1.63  1. 

71  1.72  1.70  1 

.70  1. 

67  1 

62  1 

66  1.70  1.67  1. 

56  1 

49  1. 

42  1.3810550 

1.26  1.20  1. 

13  1.14  1,19  1 

.29  1. 

50  1 

72  1 

86  1.78  1.62  1. 

88  1 

82  1. 

89  1.9910625 

2.00  2.14  2. 

04  2.92  2,0?  1 

.98  1* 

90  1 

83  1 

61  1.72  1.69  1. 

59  1 

50  1. 

36  1.2010700 

0.98  0.63  0. 

43  0.29  0.16  0 

.05  G. 

02  0 

03  0 

03  C.Ol'O.iiO-O. 

18-0 

20-0. 

11-0.0610  773 

-0.03-0, It-O. 

21-0,08-0.06  0 

.10  C. 

18  0 

11  0 

32  0.42  0.<»4  0. 

38  0 

28  0. 

42  3*4310850 

0.41  0.33  0. 

32  0,41  0.50  0 

.46  0. 

31  0 

18  0 

08  0.20  0.21  0. 

34  0 

36  0 • 

28  3.3510925 

0.39  0,42  9. 

38  0.32  0.30  0 

,16-0, 

01-0 

23-0 

41-0. 5 2-C. 48-0. 

58-0 

61-0 . 

48-0.2311000 

-0.03  0.21  0. 

36  0.39  0.47  0 

.44  3. 

40  0 

51  0 

59  0,53  7.69  0. 

57  0 

48  0. 

52  3.6211075 

0.99  0.99  0. 

90  0.32  0.26  0 

.11-5. 

08-0 

10-0 

16-C.a3-C.62-0. 

88-1 

09-i. 

16-1.3111150 

-1.49-1.49-1. 

78-1,91-2.01-1 

.97-1. 

97-1 

97-1 

97-2.26-2.20-2, 

01-1 

99-2. 

00-2.0411225 

-2.37-2.49-2, 

44-2,36-2.32-2 

,19-2. 

10-2 

25-2 

16-2.36-2,44-2, 

4j-2 

49-2. 

43-2.4311300 

-2.40-2,36-2. 

40-2.49-2.59-2 

. 68—2. 

89-3 

28-3 

51-3.74-3.97-4, 

20-4 

43-4. 

66-h, 8911375 

-9.00-9.01-9. 

00-5.00-5,00-5 

.00-5. 

00-5 

0 0-5 

00-5.00-5. 00-5. 

00-5 

0 0-5. 

00-5*0011450 

-5.00-5. 0(-5. 

OC-5, 00-5. 09-5 

,00-5, 

00-5 

3 0-5 

00-5.00-5. 00-5. 

00-5 

00-5. 

00-5.6011325 

-5,00-5,00-5. 

00-5,00-5.00-5 

.00-5. 

00-5 

00  3 

00-5.00-5.00-5. 

03-5 

00-5. 

00-5.0011600 

-5,nn-5,0t-5. 

00-5,00-5.00-5 

.00-5, 

00-5 

0 0-5 

00-5.00-5,00-5. 

00-5 

00-5. 

00-5.0011675 

-3.71-3.56-3. 

40-3,21-3.06-2 

,90-2. 

74-2 

60-2 

46-2.32-2. 17-2, 

0 3-1 

87-1, 

79-1,7411750 

-1.83-1.82-1. 

71-1,59-1,49-1 

.46-1, 

46-1 

49-1 

49-1.25-1.24-1, 

08-0 

90-1. 

06-0.9111825 

-0.91-1,01-0. 

99-0,87-0,92-0 

,79-0. 

42-C 

54-0 

38-0.42-0.48-0. 

34-0 

27-0. 

17-u. 2811900 

-0,38-0.22-0. 

30-0.08-0.01-0 

.20  ", 

06  0 

10  0 

06  0.14-b.l2-ii. 

02-0 

02-0, 

13-0.1111975 

-0.10-0,06-0. 

05-0.04-0.10-0 

.Q4-C. 

06-0 

21-0 

38-0.61-0.40-0. 

31-0 

42-0. 

58-0*5712050 

-0.54-0,24  0. 

11  9.51  0,81  0 

,79  C, 

62  0 

26-0 

31-0.67-0,60-0, 

08-0 

50-0. 

39-0.1012125 

0.09  0.06  0. 

08  0.16  0.21  0 

.13  0. 

32  0 

35  0 

51  0.60  C.51  0. 

51  0 

40  0, 

40  0.4312230 

0.42  0.33  0. 

43  0.34  0.22  0 

.13-C, 

11-0 

31-0 

31-0,41-0,41-0, 

39-9 

53-3. 

69-0.8412275 

-0,88-1,01-1. 

10-1.19-1.29-1 

.45-1. 

49-1 

67-1 

67-1,51-1,66-1. 

60-1 

69-1. 

83-1.5112350 

-1.42-1.40-1. 

24-1,38-1,31-1 

. 30  "1. 

30-1 

20-1 

39-1, 33-1. aO-1. 

35-1 

37-1. 

39-1.4112425 

-1.49-1.48-1. 

56-1,47-1,46-1 

,41-1, 

42-1 

48-1 

41-1,31-1,15-1. 

13-1 

20-1. 

41-1.8812500 

-2.08-2,08-2. 

22-2,35-2.35-1 

,98-1, 

92-1 

70-1 

57-1,69-1.70-1. 

70-1 

6641. 

84-1,5012575 

-1.56-1.42-1. 

29-1,38-1,28-1 

.48-1, 

50-1 

44-1 

53-1,48-1.48-1. 

58-1 

58-1. 

69-1.7912650 

-2,00-2.16-1. 

99-2,23-2.04-2 

.04-2, 

39-2 

74-3 

09-3.44-3. 79-4. 

14-4 

49-4, 

84-5.1912725 

-2.46-2.26-1, 

99-2,01-2.14-2 

.31-2, 

15-2 

01-1 

99-2. 14-2.41-2. 

12-1 

99-1. 

84-1.7913400 

-1.71-1.78-1. 

72-1,68-1.78-1 

.52-1. 

30-1 

29-1 

22-0.91-0.90-1. 

01-0 

76-0, 

90-6.9013475 

-0.90-1,19-1. 

00-0,79-0.68-0 

.68-0. 

73-0 

85-0 

05-0. 61-C. 61-0. 

48-0 

51-0. 

92-6.8313550 

-0,61-0.41-0, 

29-0.29-0.61-0 

. 74-0. 

19-0 

18  0 

0.19-0.10  0. 

20  0 

20  0. 

02  . 2013625 

-0,01  0.16  0. 

28  0.11  0.  -0 

.37-0. 

10  0 

02  0 

16  0.20  Q.  0. 

09  0 

09  0. 

09  0.0713700 

0.22  0.11  0. 

11  0.21  0.09  0 

.21  0. 

20  0 

37  0 

26  0.07  3.09>0. 

29-m 

69-0. 

69-0,7413775 

-0,88-1.01-0. 

86-0.54-0.19  0 

.19  a. 

23  0 

21  0 

29  0.28  i.'.29  0. 

52  0 

54  0. 

51  .64.13850 

itumkiiMmik 
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Table  E2.  Listing  of  Data  for  LOWTRAN  3B  (Cont. ) 


(/) 


0*<i0  c* 

4<  0. 

48  0,46  0.49  0 

.27  0 

06-0 

33-0 

81-1 

.17-1.11-1. 

37-1 

52-1. 

54-1 

9413925 

fT» 

-2. 06-2, 

OC-2. 

14-1,96-2.00-2 

.00-2 

08-2 

23-2 

31-2 

.31-2.53-2. 

31-2 

31-2, 

31-2 

2014000 

o 

-2*34-2, 

3«i-l. 

91-1.82-1,69-1 

.56-1 

84-1 

91-1 

75-1 

.8  3-1.  76-1. 

54-1 

98-1. 

80-1 

6814075 

S 

-1.64-1, 

56-1. 

60-1,71-1.36-1 

.36-1 

44-1 

40-1 

40-1 

• 4 8—1 . 36— 1 . 

45-1 

49-1. 

85-1 

3914150 

r- 

-1.23-1, 

18-1. 

18-1.34-1,36-1 

.23-1 

23-1 

37-1 

30-1 

.40-1.28-1. 

27-1 

37-1, 

32-1 

3214225 

o 

> 

-1,22-1, 

28-1. 

38-1.69-2,07-2 

.42-2 

58-2 

50-2 

80-2 

.58-2.43-1, 

08-1 

60-1. 

26-1 

1614300 

-1.23-1. 

1(-1. 

23-1.10-0.83-0 

.80-0 

80-0 

80-8 

90-0 

.97-0.97-0. 

91-0 

92-1. 

13-1 

2414375 

X 

-1,50-1. 

8«-2. 

18-2,32-2.63-3 

.91-4 

20-4 

49-4 

78-5 

.07-5.07-5. 

07-5 

07-5. 

07-5 

0714450 

o 

-4.25-3, 

70-3. 

20-2.75-1.90-1 

,73-1 

51-1 

29-1 

11-0 

.91-0.71-0. 

51-0 

30-0. 

06  0 

22 

500 

0,49  0, 

76  1. 

08  1.29  1.56  1 

.76  1 

91  2 

08  2 

23  2 

.36  2.51  2. 

72  2 

90  3. 

12  3 

37 

575 

3,56  3, 

66  3. 

79  3.86  3.88  3 

,86  3 

73  3 

58  3 

38  3 

.17  2.86  2. 

73  2 

52  2. 

31  2 

17 

650 

2,01  1, 

86  1. 

77  1,63  1,47  1 

.21  0 

92  0 

53  0 

23-0 

.17-0.53-0. 

74-0 

01-0. 

84-0 

88 

725 

-1,00-1. 

18-1. 

42-1,61-1.86-2 

.10-2 

29-2 

51-2 

72-2 

.91-3. 14-5. 

00-5 

00-5. 

00-5 

00 

800 

-5.00-5, 

00-5. 

00-5.00-5.00-5 

.00-2 

68-2 

47-2 

19-1 

.97-1.71-1. 

50-1 

32-1. 

21-1 

13 

875 

-1,09-1, 

11-1. 

10-1.09-1,01-1 

.01-1 

11-1 

33-1 

66-2 

.13-2.51-2. 

83-2 

71-2. 

39-2 

09 

950 

-1.78-1, 

59-1. 

33-1.18-1,01-0 

.96-0 

91-0 

90-0 

87-0 

.80-0.79-0. 

86-1 

07-1. 

28-1 

69 

1025 

-2,11-2, 

74-3, 

09-3,50-3,03-2 

,t<0-2 

23-1 

89-1 

54-1 

.28-1.13-1. 

11-1 

16-1. 

20-1 

23 

1100 

-1.21-1, 

17-1. 

12-1,15-1.19-1 

.20-1 

17-1 

02-0 

89-0 

• 6 8—0 . 42—0 • 

24-0 

01  0. 

18  0 

40 

1175 

0,57  0, 

77  0. 

96  1,07  1.13  1 

.11  1 

08  1 

15  1 

27  1 

.33  1.44  1. 

40  1 

13  0. 

89  0 

63 

1250 

0,54  0. 

65  0. 

78  0,81  0.86  0 

.02  0 

68  0 

47  0 

14-0 

.12-0,48-0. 

92-1 

43-1. 

89-2 

32 

1325 

-2,81-5, 

00-5, 

00-5.00-3,14-2 

,47-2 

oa-1 

71-1 

59-1 

.61-1.69-1. 

82-1 

87-1. 

90-1 

94 

1400 

-2,04-2. 

10- 

23-2.32-2.49-2 

.71-2 

88-3 

09-2 

99-2 

.43-2.00-1. 

69-1 

42-1. 

38-1 

49 

1475 

-1.70-2. 

01-2. 

41-2.64-2,63-2 

.49-2 

38-2 

27-2 

16-2 

.05-1.94-1. 

63-1 

76-1. 

71-1 

70 

1550 

-1,72-1. 

81-1. 

92-2.03-2.27-2 

.61-3 

21-4, 

01-5 

00-5 

.00-5.00-5. 

00-5 

00-5. 

08-5 

00 

1625 

-5*00-5. 

00-5, 

08-5.00-5.00-5 

.00-5 

00-5 

00-5 

00-5 

.00-5.00-5. 

00-5 

00-5. 

00-5 

00 

1700 

(A 

•V 

-5,00-5, 

00-5, 

00-5,00-5,00-5 

.00-5 

00-5 

00-5 

00-5 

. 00-5. 00-4. 

3J-3 

42-3. 

17-2 

98 

1775 

m 

r> 

—2 , 83—2, 

71-2, 

67-2.67-2,68-2 

.58-2 

33-2 

01-1 

64-1 

.32-0,97-0. 

76-0 

63-0. 

59-0 

60 

1860 

? 

f" 

-0.63-0. 

66-0, 

87-1,08-1,26-1 

,53-1 

07-1 

91-1 

93-2 

,02-2.21-2, 

48-2 

00-3. 

08-3 

11 

1926 

—3. 09—2, 

93-2, 

76-2,39-2.01-1 

.69-1 

36-0 

99-0 

63-0 

.28  C.OO  0. 

C8  0 

11  0. 

12  0 

12 

2000 

o 

0,07  c. 

01-0. 

08-0,23-0,40-0 

.51-0 

53-0 

57-0 

60-0 

,61-r.73-0. 

81-0 

95-1. 

05-1 

02 

2075 

5 

-0.91-0, 

66-0, 

41-G.09  0,18  0 

.41  0 

76  1 

00  1 

10  1 

.39  1.51  1. 

53  1 

68  i. 

71  1 

80 

2150 

> 

1-.91  2, 

02  2, 

18  2.32  2,50  2 

.61  2 

69  2 

81  2 

89  2 

.96  3.04  3. 

14  3 

27  3. 

41  3 

55 

2225 

3,72  3, 

90  4, 

03  4,22  4,42  4 

.61  4 

71  4 

73  4 

65  4 

.63  4.72  4. 

78  4 

79  4. 

50  3 

62 

2300 

c 

X 

3.28  2. 

76  2. 

30  1,86  1,35  0 

.62-0 

24-1 

69-2 

18-2 

.01-1, 79-1. 

53-1 

32-1. 

20-1 

15 

2375 

T1 

-1,12-1. 

18-1, 

25-1.26-1.20-1 

.17-1 

20-1 

32-1 

54-1 

.84-2.16-2, 

30-2 

26-2. 

01-1 

71 

2450 

o 

s 

r~ 

-1,36-1, 

06-0, 

81-0.61-0,49-0 

.45-0 

47-0 

49-0 

46-0 

. 37—0. 31—0. 

34-8 

49-0, 

75-1 

11 

2525 

-1.43-2, 

01-2, 

60-2,89-2,87-2 

.74-2 

51-2 

42-2 

38-2 

.39-2, 42-2. 

46-2 

48-2. 

49-2 

43 

2600 

< 

-2.43-2. 

46-2. 

53-2,68-2,74-2 

.02-2 

87-2 

83-2 

82-2 

.79-2.71-2, 

66-2 

49-2. 

40-2 

32 

2675 

X 

-2,26-2, 

23-2. 

20-2,09-2,02-1 

,96-1 

08-1 

84-1 

86-1 

.86-1.87-1, 

83-1 

79-1, 

73-1 

68 

2750 

X 

m 

-1.64-1. 

69-1, 

74-1,79-1,87-1 

.70-1 

63-1 

50-1 

37-1 

.21-1.00-0. 

8 3-0 

69-0. 

53-0 

41 

2825 

o 

-0.30-0. 

19-U. 

09-0,04  0.02  0 

.10  0 

16  0 

18  0 

23  0 

.26  0.27  0. 

26  0 

24  0. 

22  0 

17 

2900 

o 

0.12  0. 

07-0. 

01-0.07-0.09  0 

.32  0 

72  0 

91  1 

12  1 

.03  C.67  0. 

18-0 

11-0* 

38-0 

29 

2975 

(/> 

fn 

-0,17-0, 

08-0. 

00  0,09  0.13  0 

.10  C 

24  0 

27  0 

29  0 

.30  0 . 29  0 . 

26  0 

23  0. 

21  C 

13 

3u5Q 

(A 

0,09  0. 

02-0. 

04-0,18-0,32-0 

.51-0 

72-0 

98-1 

18-1 

.50-1.62-1. 

81-2 

04-2. 

29-2 

49 

3125 

-2.62-2. 

87-3. 

03-3,21-5.00-5 

.00-5 

OC-5 

0 0-5 

00-5 

.00-5.00-5. 

00-5 

00-5. 

00-5 

00 

3200 

-5,00-4. 

01-3. 

3S-3. 01-2.63-2 

.32-2 

09-1 

98-1 

94-2 

.00-2.14-2. 

26-2 

20-2. 

02-1 

82 

3275 

-1.59-1. 

43-1. 

38-1.46-1.64-1 

.90-2 

09-2 

54-2 

91-3 

. 28—3. 61—3. 

72-3 

64-3. 

50-3 

41 

3350 

-3,37-3, 

30-3. 

16-3.01-2,76-2 

,61-2 

20-1 

80-1 

49-1 

,22-". 97-0. 

72-0 

49-0, 

20  0 

03 

3425 

0.20  0. 

36  0. 

51  0.61  0,67  0 

.03  1 

00  1 

22  1 

30  1 

.56  1.70  1. 

86  2 

01  2. 

20  2 

31 

3500 

2,47  2. 

61  2. 

76  2.92  3,n  3 

.05  3 

02  2 

98  2 

98  3 

•01  3.03  2. 

97  2 

78  2. 

44  2 

13 

3575 

1.03  1. 

59  1. 

49  1.50  1,67  1 

.94  2 

22  2 

50  2 

71  2 

.93  ?.12  3. 

18  3 

17  3. 

15  3 

21 

3650 

3.26  3. 

19  2, 

90  2.59  2,14  1 

.70  1 

22  0 

55-0 

27-1 

•09-2.54-3. 

00-2 

94-2, 

78-2 

68 

3725 

-2.61-2, 

60-2. 

63-2,60-2.57-2 

.53-2 

57-2 

64-2 

77-3 

.04-3.38-3. 

98-5 

OQ-5. 

00-5 

00 

3600 

-5.00-5. 

00-5, 

00-5,00-5.00-5 

.00-5 

00-5 

0 0-5 

00-5 

. 00-5. 00-5 . 

00-5 

00-5. 

00-5 

00 

3875 

-5.00-4, 

00- 3, 

73-3.62-3,59-3 

,53-3 

56-3 

57-3 

53-3 

.51-3.45-3. 

37-3 

26-3. 

21-3 

18 

3950 

-3.27-3, 

36-3, 

60-3.96-5,08-5 

. 00-5 

00-5 

00-5 

00-5 

.00-5.00-5. 

00-5 

00-5. 

00-5 

00 

4025 

-5.00-5. 

00-5. 

00-5.00-5.00-5 

.00-5 

00-5 

0 0-5 

00-5 

.00-5.00-5. 

00-5 

00-5. 

00-4 

62 

4100 

-4.07-3. 

86-3. 

76-3,67-3.56-3 

.42-3 

35-3 

26-3 

10-3 

• 14—3 • 11— 3 . 

09-3 

10-3. 

12-3 

23 

4175 

-3.30-7. 

3 1-3, 

37-3.29-3.14-3 

.00-3 

00-2 

93-2 

09-2 

.91-3.00-3. 

08-3 

16-3. 

31-3 

48 

42t>0 

-3,71-3, 

98-5, 

00-5.08-5.00-5 

.00-4 

52-3 

98-3 

69-3 

.42-3.10-2. 

95-2 

77-2. 

61-2 

48 

4325 

76 
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Table  E2.  Listing  of  Data  for  LOWTRAN  3B  (Cont. ) 
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I 
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I 
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-2. 41-2. 41-2  .<»0-2t  38-2.3^-2.27-2.21-2.  31-2  .4 6-2.73 -3 . 21-4.13-5. 00-5. 0 0-5. 00  440  0 
-5.00-5.00-5 .00-5.00-5.00-5.00-5.00-5.00-5.00-5.00-5. 00-5.00-5.30-5,00-5.00  4475 
-5,00-5.00-4.13-4.02-3.99-3,96-3.07-3.73-3.51-3.29-3.13-2.99-2,64-2.73-2. 69  4550 
-2.60-2.69-2.65-2. 62-2.59-2,57-2.62-2.81-3.04-3.21-3.39-3.42-3.36-3.21-3. 03  4625 
-2.93-2.80-2,64-2.52-2.37-2,20-2.20-2.13-2.07-2.02-1.96-1,38-1,78-1.63-1.44  4700 
-1.31-1.20-1.08-0,98-0,94-0.05-0.76-0,52-0.31-0.08  0.13  0,30  0.37  0.36  0.36  4775 
0.35  0.35  0.39  0.46  0.48  0.41  0.23-0.06-0.38-0.67-0.88-0.96-0.98-0.87-0.67  4850 
-0.36-0.12  0.14  0,44  0.68  0.90  1.11  1.19  1.24  1.25  1.26  1.27  1.51  1.59  1.50  4925 

1.20  0.71  0.11-0,28-0,67-1,32-1.61-1,58-1.42-1,18-0,91-0.59-0,27-0.06  0.29  5000 
0.57  0.73  0.92  0.81  0.73  0.79  0.91  1*01  1.03  0.08  0.72  0.63  0.36  0.12-0.21  5075 

-0.47-0.67-1.23-1. 67-2.31-2. 76-3 .24-3 ,49-3,51-3. 47-3 .39-3 ,37-3.43-3. 53-3. 50  5150 
•3.36-3.18-3 ,07-2.96-3.00-3.14-3.12-3,23-3.07-2. 03-2.47-2.23-2,07-1,91-1,78  5225 
-1.63-1.46-1 .27-1.23-1.26-1.40-1,57-1,98-2.28-2.07-3. 74- «. 00- 5. 00-5. 0 0-5. 30  5300 
-5.00-5.  00-5,00-5.  00-5. 00 -5 .00 -5  ,00-5 . 00-5 .0 0-5. 03-5. 00-5.  09-5. 00-5 . 0 0-5.  03  5 ''75 
-5.00-5.00-5.00-5.00-5.00-5. 00-5*00-5. 00-5 .0 0-5.0 0-5 . 00-5 .00-5. 30-5 . 0 0-5 . 00  5450 
•5 .00-5. 00-5, 00-5. 00-5* 00-5* 00-5. 00-5. 30-5. 0 0-5. 00- 5. 00-5. 03-5.30-5 . 0 3-5 . 00  5525 
-5.00-5.00-5 .00-5. 00-5 . 0 0-5.00-5 .00-5 . 00-5 . 0 0-5. 00-5. 00-5. 00-5. 00-5. 0 0-5. 00  5600 
-5*00-5.00-5 .00-5. 00-5. 00-5, 00-5. 00-5. 00 -5. 00-5. 03 -5. 3 3-5. 3 0-5. 00-5. 00 -5. 03  5675 
-5.00-5.00-5 ,00-5.00-5.00-5.00-5.00-5, 00-5, 00-5, 00-5, 00-5, 33-5. 00-5. C J-5. no  5750 
-5.00-5.00-5 ,00-5. 00-5.00-5.00-5.00-5,00-5.00-5. 00-5. 03-5.00-5.00-5.00-5. 00  5825 
-5,00-5.00-5 ,00-5.00-5.00-5.00-5.00-5.00-5.00-5.00-5.03-5.00-4.91-4.79-4, 61  5900 
-4,48-4.40-4.29-4. 17-3.90-3,73-3.59-3.62-3.72-3.73-3.69-3.31-3.12-2.91-2.63  5975 
-2,41-2,27-2,16-2.11-2.28-2.29-2.21-2.06-1.91-1.99-2.27-2.59-2.90-3.35-3.69  6050 
-3.79-3.60-3.53-3.46-3.39-3.31-3.18-2.97-2,69-2. 39-2. 11-1.83-1.58-1.49-1.22  6125 
-1.08-0.89-0.68-0, 54-0.71-0.79-0 ,78-3 , 66-3 .49-0 .54-0 .86-1 , 37-2 .08-2 , 44-3 . 46  6200 
-3,72-3.74-3.59-3.22-2.98-2,52-2.21-1.  64-1,34-1,  08-0,  36-C , 72-0, 61- 3 . 7 0-U.  72  6275 
-0.67-0.57-0.38-0,51-0 .97-1.36-1.89-2.74-3.18-4.21-4.57-4,  62-4.78-4.  67-5.  30  635  0 
-5. 00- 5. 00-5. 00 -5. 00-5, 00-4. 93-4 .46-3. 99 -3 ,45-2, 99 -2. 6 3-2. 30-2. 09 -2, 02-2, 12  6425 
-2.18-2.13-2.04-1.78-1.83-2.08-2.28-2. 81-3.0 1-3. 15-3. 22-3 ,29-3 ,58-» .89-4. 46  6530 
-4.88-5.00-5 .00-5. 00-5.00-5.00-5.00-5,00-5.00-5. 00-5. 00-5. 00-5.00-5.00-5,03  6575 
-4,81-4.52-4.11-3.69-3.09-2.99-2.91-2.89-3.19-3.20-3.36-3.62-3.89-3.92-3.73  6650 
-3,53-3.37-3.19-3,02-2.79-2,62-2.36-2.24-2.19-2.32-2.41-2.29-2.06-2.00-2.18  6725 
-2.47-2.91-3.57-4, 89-5,00-5, 00-5.00-5, 00-5,0  0-4,  61-4. 18-3. 89-3 .57-3 .3 0-3.  02  680  0 
-2.74-2.51-2.20-1,98-1.73-1,57-1.38-1.21-1.11-0.98-0.87-0.78-0.60-0. 37-0. 16  6875 
-0.04-0.04-0.06-0.16-0 ,18-0. 19-0 .23-0 . 45-1. 0 2-1, 97-2 , 70-3 . 71-4, 01-4. 20-4. 35  6950 
-4.58-4.73-4.81-5.00-5,00-5, 00-5.00-5,00-5.00-5.00-5,00-5.00-5,00-5.00-5. 00  7025 
-5.00-5.0  0-5.00-5.  00-5 ,0 0-5. 00-5 . 00-5 . 00- 5. 0 0- 5.  0 0-5, 00-5 . 00-5. 00-5 . 0 0-5. 00  710  0 
-5.00-5.00-5 ,00-5.00-5.00-5.00-5.00-5.00-5.00-5.00-5.00-5, 00-5,00-5,00-5.00  7175 
-5.00-5.00-5.00-5, 00-5.00-5.00-5 ,00-5.00-5,00-5.00-5.30-5.00-5.00-5.00-5. 00  725C 
-5,00-5,00-5.00-5.00-5.00-5. 00-5,00-5.00-5.00-5.00-5.00-5.00-5,00-5.00-5.00  7325 
-5.0  0-5.00-5,00-4,71-4,31-3.99-3.68-3.5  0-3.54-3.  22-3.  23- 3. 25- 3. 24-3. 1 8-3 . 10  740  0 
-3,07-3.  18-3.41-3,  67-4,12-4,68-5.00-5  .00-5  .0  0-5 . 0 0-'^  . 30-5. 0 3-5 , 0 0-4 , 51-4.  18  747  5 
-3.73-3.48-3,17-2,96-2,7  3-2.63-2.58-2.  59-2.5  7-2,4  9-2.42-2.33-2,48-2,6  2-3.  02  755  0 
-3 ,49-4.16-5 ,00-5. 00-5.00-5,09-5,00-5.00-5,00-5. 00-5. 00-5.03-5.00-4. 87-4.50  7625 
-4,21-3, 90-3.66-3.56-3 .51 -3 .51-3 .51-3. 49 -3, 41-3, 34-3, 34-3.47-3 .60-3,8 7-4. 23  7700 
-4,59-5.00-5 .00-5.00-5.00-5,00-5.00-5, 00-5.00-5,00-5. 00-5.00-5. 00-5. 00-4.53  7775 
-4,51-4,10-3.78-3.32-3.03-2.74-2.43-2.08-1.83-1.59-1 .29-1.02-0.81-0,70-0.73  7850 
-0,93-1.08-1 .19-1.35-1.47-1,57-1.66-1.80-1.91-2.04-2.18-2.33-2.47-2.61-2, 78  7°25 
-2.97-3.10-3.28-3.44-3 ,63-3,81-3 .98-4 , 15-4 . 32-4, 61-4. 71 -fc .89 -5 . 0 0-5 , 0 0-5 . 00  8000 
-5.00-5,00-5.00-5, 00-4,32-3,24-2.59-2.12-1,82-1.57-1.34-1.16-1.02-0.82-0.6412950 
-0*48-0.33-0  .14-0.06  0.08  0.21  0.39  0.52  0.61  0.72  0.85  0.96  1.32  1.12  1.1*113':25 

1.21  1.17  1.08  0.98  0.90  0,97  1.13  1.37  1,58  1.74  1.7Q  1.48  1.13  0,73  0.2213108 

-0,51-1. 57-3.48-5. 00-5,00-5, 00-5.00-5,00-5,00-5.03-5.0 1-5.00-5.00-5,00-5.0017175 
-4.15-3.51-3.00-2,54-2.12-1.76-1.50-1.21-0.86-0.49-0.21-0.10  0.02  0.12  0.24  575 

0.32  0.43  0.52  0.59  0.65  0,72  8,79  0.76  0.72  0.68  0,54  0.68  0.7q  n.83  0.83  650 

0.80  0,78  0.68  0.56  0.49  0.42  0.34  0.26  3,14  0.02-0,14-0.35-0.51-0,74-1,88  725 
-1,17-1.40-1 .58-2. 11-2.47-2,  83-3.24-3.59-3. 94-5.  0 0-5. 00-5 .00*5  .0  0-5 . CD-5  . 0 80 C 

-5  .00-5 .0  0-5  .00-5.  00-5.00-4,46-4.00-3.50-7.14-2.7  8-2.  41- 2. 13- 1 . 7 8-1 . 4 9-1 .20  »-7  5 

-0.20  0.15  0.35  0,57  0.78  0,95  1,20  1.40  1.65  1.80  1.97  g.io  2,21  2.7i  2.38  T50 

2.40  2.42  2,58  2,52  2.20  2,48  2.54  2.45  2.30  2.00  1.20  C.95  0.92  0.90  0.9j  1025 
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SPECTRAL  DATA:  UNIFORMLY  MIXED  GASES  SPECTRAL  DATA:  OZONE 


Table  E2.  Listing  of  Data  for  LOWTRAN  3B  (Cont. ) 


O.S<) 

-0.02- 

-2.i»6' 

-5.00- 

-5.00< 

-5.00' 

'^5.00' 

-2.44 

-0.22- 

-0.74' 

-0.90 

-1.90 

-0.88' 

0.93 

-0.71 

-1.40 

-5.00 

-5.00' 

-5.00 

-5.00 

-5.00 


0 

0 

2 

5 

•5 

■5 

5 

-2 

•0 

•0 

■1 

■1 

0 

1 

>0 

•1 

■5 

■5 

■5 

•5 

-5 


90  0.92 
11-0 .22- 
59-2.79- 
00-5.00- 
00-5.00- 
00-5 .00- 
00-5.00- 
19-2.03- 
14-0 .06- 
79-0 .84- 
02-1.14- 
93-1.87- 
78-0.69- 
11  1.20 
66-0.58- 
55-1.69- 
00-5.00- 
00-5.00- 
00-5  .00- 
00  -5  .00- 
00-5.00- 


0.  94 
0.41- 
3.00- 
5.  00- 
-5.00- 
5.  00- 
5.  00- 
-1.86- 
-0.02- 
-0.89- 
-1.24- 
-1.82- 
-0.59- 
1.33 
0.49- 
>1.83- 
■5. 00- 
-5.  00- 
■5. 00- 
-5.00- 
■5,  00- 


0.95 

0.56- 

3.22- 

5.00- 

5.00- 

5.00- 

-5.00- 

1.71- 

-0.09- 

0.85- 

1.33- 

-1.76- 

-0.49- 

1.44 

0.44- 

■1.98- 

5.00- 

5.00- 

-5.00- 

-5.00- 

-5.00- 


0.96 

0. 71. 
3.61- 
5.00- 
5.  00- 
5.00- 
-5.00- 

1.  56- 
-0.18- 
0.81- 
1.47- 
1.7<- 
-0.  37- 
1.46 
0.40- 

2.  13- 
•5 .00- 
5.00- 
-5.00- 
■5.00- 
•5.00- 


0 .95 
0.09- 
-4  .16- 
5.00- 
5.00- 
5.00- 
-5  .00- 
1.48- 
-0.14 
-0  .76- 
■1 .61- 
-1.65- 
0.25- 
1.48 
-C  .40- 
2.28- 
•5  .0  0- 
-5  .00- 
-5.00- 
■5.00' 
-5.00' 


0.90 
1.03- 
■5.00- 
5.00- 
5.00- 
■5.10- 
■5.00- 
1.39- 
0.06 
0.70- 
■1.77- 
1.59- 
0.18- 
1.48 
0.46- 
2.43- 
-5.00- 
5.00- 
■5.00- 
-5.00' 
-5. 00' 


0.80 
1.18- 
•5.0  0- 
5.00- 
5.00- 
5. GO- 
'S. 00- 
1.26- 
0.26- 
0.68- 
1.92- 
1.51- 
9.  lu 
1.64 
■0.*'3- 
2.64- 
-5.00- 
5.00- 
5.00- 
-5.0  0- 
-4.16- 


0.68 
1.33- 
5.00- 
5.0  0- 
5.00- 
5.  0 0- 
4.16- 
1.13- 
0.  02- 
0.64- 
1.98- 
1.44- 
0.  0 0 
1.58 
0.64- 
2.  86- 
5.00- 
■5.90- 
5.00- 
5.  00- 
■3.97' 


0.55 
1 .60- 
5.  00- 
■5  » JO- 
5.01- 
5.  J''- 
■3.9.- 
■0.97- 
0.  42- 
0.65- 
■2.04- 
1.36- 
0.16 
1.4J 
■0.76- 
•3.07- 
•5.  00- 
-5.10- 
5.00- 
■5. 00- 
-3.77- 


0.40 

1.76- 

5.0'1- 

5.00- 

5.30- 

5.  10- 

3.66- 

U.81- 

0.  30- 
0.66- 
2.08- 
1.28- 
0.27 
1.23 
0.89- 
3.26- 
5.03- 
•5.30- 
5.00- 
5.30- 
•3.58- 


0.30 
1.9C 
5.  u J- 
5.0C- 
5.3  0- 
5.00- 
3.41- 
0.65- 

(j .'  82- 

0.72- 

2.09- 

1.18- 

0. 38 

0.66 

1 . u 1- 
3.50- 
5.00- 
5.00- 
5.30- 
5.00- 
•3.38- 


0.19 

2.  U2- 
5.  00- 
5.30- 
5 ."0- 
5.  30- 

3.  C5- 
:!.48■ 

0.  eo- 

0.78- 
2.C6- 
1.03- 
0.57 
■1.3  8- 
■1.14- 
•'.72- 
5.  0'3- 
■ 5.na- 
■5.0  0- 
5 . 0 0 - 
-7.07- 


1.  33 

2.21 

5. 00 
5.  30 
■5 ,00 
5.  '33 

2.  69 
•j.35 
■U.  74 
0.64 
■2.03 
■1.98 
3.75 
0 . 33 
■1.26 

3.  34 
5.  .10 
■5.  00 
■5 . 0 J 

3.00 
■2.75 


1130 
117C 
125  0 
1 325 
1430 
1475 
1 55-3 
1 62  5 
17','- 
1775 

1 iisn 

1925 

2 00  0 
2 0 75 
215C 
?’25 
2 33  0 
2?75 
2450 
2325 
2F.au 


-2,44-2.12-1.85-1.  57-1.30-1.07-0.98-0 .94 -0  .89-0.85 -0 ,3 1-0 . 77- 3 . 72-3 . 68-3 . 63  2 67^ 
-0.58-0.53-0.48-0,41-0.34-0.26-0,19-0.17-0.18-0. 19-0.46-0.79-1.12-1.45-1.75  275C 


-2.38-2 
-1.84-1 
-0 .54-0 
0,46  0 
-0.76-0 


97-3.57-4.16-5.00-5.00-5.00-4.16-3.90-3.63-3.37-3.10-2.79-2.47-2.15  2825 
73-1 .63-1,52-1,41-1,33-1.25-1.17-1,09-1.02-0.96-1.89-0.82-0. 73-1,60  29CC 
42-0  .27-0.12  0.03  0,18  0,25  0.  31  0.39  0.47  0.48  0,49  3.50  0.50  1,46  2«>75 
23  0. 0 1-0.  11- 0. 33-0, 55-0. 77-1. 83-0, 88-0.  94- n.9-»- 0.91 -0.90-0. 85- 1.8  0 3 05P 
71-0  .69-0.67-0 .66-0 .65-0,65-0.66-0.67-0.68-0 .7 1-0. ▼2-0,8  2- 3,  9 3-1.  J 3 312  5 


-1,14-1.24 

-1,34-1. ' 

51-1.68-2. 

13-2.57-2 

.92-3.26- 

■3.71-4.16 

-5,00-5.00-5.00-5.00 

32ut 

2.93E-04 

3.86E-04 

5.09E-04 

6.  56E-04 

8.85E-04 

1. 06E-03 

1.31E-03 

1.735-13 

2080 

2.27P-03 

2. 73E-03 

3.36E-03 

3.95E-03 

5.46E-03 

7,195-03 

9.005-03 

1.13''-02 

2121 

1.36E-02 

1. 66E-02 

1.96E-02 

2.16E-02 

2.36F-02 

2.635-02 

2,905-02 

3.155-0? 

2160 

3.40C-02 

3.66E-02 

3.92E-02 

4,  26E-0  2 

4,60i-02 

4, 955-02 

5.305-.02 

5,65r.-'>2 

??3u 

6.00E-02 

6.30E-02 

6.60E-02 

6.89E-02 

7.18E-02 

7. 395-02 

7.  605-02 

7. 845-02 

2240 

8.08E-02 

8. 39E-02 

8.70E-02 

9.135-02 

9,56E-02 

1.055-11 

1.2JF-01 

1.365-ol 

22br 

1.52E-01 

1.60E-01 

1.69E-01 

1. 60F-01 

1.51F-11 

1.375-01 

1,235-01 

1.19t -»1 

p ^9  n 

1 .16E-01 

1. 14E-01 

1.12E-01 

1.12E-01 

l.llE-01 

1,  115-01 

1.125-01 

1.141 -01 

2 36  0 

1.13E-01 

1.  12E-01 

1.09E-01 

1.07E-01 

1.02E-01 

9.905-12 

9.505-02 

9.  J05-:.2 

24J1 

6.65E-02 

8. 20E-02 

7.65E-02 

7.U5E-12 

6.50E-02 

6,105-02 

5.505-12 

4.95F-C2 

2440 

4.50E-02 

4. OOE-02 

3.75E-02 

3.5CE-02 

3.10E-02 

?,  655-1? 

2.50P-02 

2.20F-02 

2 48  0 

1.95E-02 

1. 75E-02 

1.60E-02 

1.40E-C2 

1.20E-02 

1.055-0? 

9.51E-03 

9.00r-03 

2520 

8.00E-03 

7. OOE-03 

6.50E-03 

6.P0E-03 

5.505-03 

4.755-13 

4.005-03 

3.755-03 

2561 

3.50E-03 

3.00E-03 

2.50E-03 

2,  25F-03 

2.00E-C3 

1. 855-03 

1.715-'.i3 

1.6DL-P3 

2611 

1.50E-03 

1. 50E-03 

1.54E-03 

1.5CE-03 

1.47E-03 

1.  345-03 

1.255-03 

1.165-03 

2640 

9.06E-04 

7. 53E-04 

6.41E-04 

5.09F-04 

4.04E-04 

3.365-04 

2.665-04 

2,  325-04 

2760 

1.94E-04 

1.  57E-04 

1.31E-04 

1.02E-04 

8.07F-15 

2 72  0 

0.23  .187 

' .147  .117  .097  .087  . 10  . 

120  ,147 

.174  .21 

.24  .28 

1 .33  .no 

?35n 

4.50E-01 

8. OOE-03 

1.07E-02 

l.lOE-02 

1 .275-02 

1.71E-02 

▼.005-02 

2. 45T. C2 

13  13  0 

3.07E-02 

3, 84E-02 

4.78F-02 

5.67E-02 

6.54E-02 

7,6.25-02 

9 .15E-02 

1.0  Of- 01 

14  600 

1.09E-01 

1, 20E-01 

1.  28E-01 

1.  12E-01 

l.llE-Ol 

1.165-01 

1. 195-01 

1.135-01 

1621  0 

4.06E-02 

3. 87E-02 

3.82E-02 

2.94E-02 

2.09E-02 

1.80':-02 

1.915-02 

1.665-02 

19401 

1.03E-01 

9. 24E-02 

8.28F-32 

7.57E-02 

7 ,075-02 

6.585-02 

5.565-02 

4,775-02 

17  810 

1.17E-02 

7.70E-03 

6.10E-03 

8.  50E-03 

6.105-03 

3.705-03 

3 .205-03 

3.105-13 

2 1 1 1 1 

2 ,55E-03 

1.98E-03 

1.40E-03 

8.25E-04 

7.505-04 

0. 005-14 

0.005-04 

0.115 -04 

2260  0 

5.65E-04 

2.  04E  -03 

7.35E-03 

2.03E-02 

4.985-02 

1, 165-01 

2.465-01 

5.187-01 

27500 

1.02E-00 

1.95E-00 

3.79E-00 

6.  65E-00 

1.24E8-01 

2.205+01 

3.675+01 

5.95E+01 

31511 

8.50E1-01 

1. 26E>02 

1.6SE«02 

2,06F*02 

2.42E*r? 

2.71P+02 

2.915+02 

3.025 +0? 

35500 

3.03E4-02 

?.94E*02 

2.77F»02 

?.54E'»02 

2.265»o? 

1.965+02 

1.685+02 

1.44E+02 

39510 

1.17E*02 

9. 75E+01 

7.65E*01 

6.04E+01 

4.62E+01 

3.4C5+01 

2.525+01 

2.105+ri 

43  510 

1.57E+01 

1.20E+01 

1,  OOF  + 31 

8,  8CE-00 

8,305-00 

8,6i5-n 

479  )C 
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Table  E2.  Listing  of  Data  for  LOWTRAN  3B  (Cont. ) 


5 12 


2. 

500 

8.5  00 

65. 

000 

2350. 

9 

000  2450.000 

5. 

000 

C 

6 T 

1 Q 

1 

.200 

. 20832 

.02054 

.250 

.19518 

.00864 

.300 

.11479 

.00442 

.400 

,17332 

.00243 

.408 

.16213 

.00193 

.550 

.15800 

.00186 

.694 

.15331 

.00155 

.860 

.14412 

.03171 

1.060 

.13909 

.00191 

1.536 

,12754 

.00191 

1.800 

. 12049 

.00145 

2.300 

.11530 

.00216 

2.500 

.09962 

.00336 

3.000 

.10426 

.05258 

3 .500 

.09899 

.006  58 

3.750 

.09191 

. 0U271 

4.000 

.08670 

.00314 

5.000 

.07012 

.00578 

5.500 

.05928 

.00537 

6,300 

. 05485 

, 02351 

7.230 

.04758 

.009  42 

7 .900 

.04063 

.00923 

8.200 

.03960 

.01006 

8.500 

.04045 

.01125 

8.700 

.04267 

.01114 

9.000 

.04208 

.01119 

9.200 

.03962 

.01141 

9.500 

.03552 

. 31011 

9.80 

.03257 

.00983 

10.00 

.03051 

.00987 

10  .59 

.02582 

.01039 

11.00 

.02470 

,0133? 

11.50 

.02556 

.01663 

12.50 

.03085 

.02354 

13,  00 

,03339 

.02575 

14.00 

.03686 

.02827 

15.00 

.03888 

.02948 

16.40 

.04021 

.02964 

17.20 

.04121 

.02936 

18.50 

.C3951 

.02760 

20.00 

.03648 

.02537 

22.50 

.03232- 

.02263 

25.00 

.02901 

.02053 

30. OC 

.02420 

.01775 

0. 

0 . 

0. 

10. 

1820. 

9 

20000. 

5. 

C 

6 7 

1 0 

1 

.200 

.31030 

.10692 

.250 

.28416 

.08649 

.300 

,25805 

.07571 

.400 

.20867 

. 06376 

• 488 

.17631 

.05674 

.550 

.15800 
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